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Hauling a California gray whale to the wharf. The shape of the “flukes” or tail is peculiar and the body has characteristic gray markings. 
A WHALING EXPEDITION IN KOREA.—([See page 376.] 
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Highway Engineering Education’ 
Modern Facilities Offered for Special Study 
By Prof. Arthur H. Blanchard, Columbia University 


THe educational training of the engineer who may 
enter that branch of civil engineering devoted to the 
economics, construction and maintenance of highways 
should be considered from two standpoints: first, the 
essentials, which, from an educational point of view, 
are considered as prerequisite to a successful career 
in highway engineering; and, second, practical meth- 
ods of securing this training under American condi- 
tions. 

The American youth who has expressed the desire 
to enter the profession of engineering has various chan- 
nels open to him. The usual course followed is to en- 
roll in one of the four-year engineering courses desig- 
nated as civil engineering, mechanical engineering, elec- 
trical engineering, chemical engineering or mining engi- 
neering. There are, however, notable deviations. Sev- 
eral institutions and some engineers advocate a broader 
training for the engineering profession than is possible 
in the ordinary four-year course, and in fact believe 


that. the profession of engineering demands the same 


type of training as is now universally recognized as 
desirable for men entering the legal or medical profes- 
sion. 

Usually the American boy, in entering on a technical 
career, has not fully made up his mind as to the par- 
ticular field in which he is most interested. In the 
four-year courses he has in some cases one, and in 
others two years in which to make up his mind as 
to which of the five general branches of engineering 
referred to.above he wishes to enter. It is self-evident 
that the ideal training is one which will prepare a 
student upon graduation to enter any one of the numer- 
ous fields of engineering. At least it is possible that 
a comparatively wide field of activities will be open to 
a man whichever one of the above courses he takes in 
the technica! school. 

Having these general facts in mind, attention will 
now be riveted upon the situation which confronts the 
young man who may be one of our future highway 
engineers. Let us suppose, for example, that he has 
decided to devote four years to securing a technical 
education and that there is offered to him the four- 
year course in civil engineering and a four-year course 
designated as highway engineering. Which course 
should he take? The evils of over-specialization in the 
undergraduate engineering course have been fully dis- 
cussed in the Society for the Promotion of Engineering 
Education. Suffice it to say in this discussion before 
the general public interested in highway improvement 
that the graduate of the civil engineering course on 
the one hand has before him a large field of activities 
for all of which he is equally well equipped. For in- 
stance, he may enter the field of structural engineering, 
sanitary engineering, railroad engineering, geodetic en- 
gineering, hydraulic engineering, highway engineering, 
irrigation engineering and in may cases mechanical, 
electrical and mining engineering. On the other hand 
a graduate from a so-called four years’ course in high- 
way engineering has, if the course is made up of the 
subject which the title implies, only a limited field in 
which he considers that he is particularly proficient. 

The consensus of opinion of eminent highway engi- 
neers and educators is to the effect that the highway 
engineer of the future requires the broad foundation 
which the four-year course in civil engineering gives. 
A knowledge of practically all of the subjects included 
is found of value in the manifold duties imposed in 
the various positions which he may occupy in the 
service of municipalities, states, counties, towns, es- 
tates, contractors’ organizations, consulting engineers’ 
offices, and manufacturing companies. 

In the consideration of the training received and the 
subjects covered in the four-year course in civil engi- 
neering relating especially to highway engineering, it 
is of interest to note the present status of highway 
engineering in the civil engineering courses of Ameri- 
can universities and technical institutions. An exam- 
ination of the latest catalogues received from ninety- 
two institutions in the United States offering courses 
in civil engineering showed that seventy-eight included 
a text-book-lecture course in highway engineering in 
the curriculum. The number of recitation-lecture 
hours in the various courses may be arranged approxi- 
mately in the following groups: ‘Thirteen, 15 hours or 
less; twenty-eight, 30 hours; seventeen, 45 hours; six, 
60 hours; six, 75 hours; three, 90 hours; three, 120 
hours; one, 135 hours; and one, 165 hours. Fifteen 
give some instruction in laboratory work, while ten 


. Paper presented before the American Road Congress at 
Atlantic City on October 3d, 1912. 


include special courses in highway surveying. In the 
ease of institutions devoting over ninety hours to 
highway engineering, the general civil engineering 
course covers three years, while a highway option is 
taken in the fourth year. A comparison of the pres- 
ent status of highway engineering education as out- 
lined above with the conditions described by Logan 
Waller Page in his valuable paper on “Highway Engi- 
neering,” presented before the Society for the Promo- 
tion of Engineering Education in 1909, is certainly en- 
couraging, especially when it is remembered that only 
three years have elapsed. In 1909, according to Mr. 
Page, fifty per cent of the institutions investigated did 
not include a course on highways in the civil engineer- 
ing curriculum, while it is noted that of the courses in 
ninety-two institutions examined by the speaker, eighty- 
five per cent now give a course in highway engineering. 

The importance of the subject of the economics, con- 
struction and maintenance of roads and pavements in 
the United States at the present time demands that 
more prominence should be given to the course in high- 
way engineering in civil engineering curricula. Having 
in mind the various component parts which go to 
make up the curricula, it appears that a well balanced 
civil engineering course under present conditions should 
contain a three-hour course of one year in length de- 
voted to highway engineering. 

In such a course lectures and text-book work should 
cover the following topics: Historical review of the 
construction of roads and pavements; preliminary in- 
vestigations incident to construction; principles of sur- 
veying and mapping peculiar to highway work; design 
of highways; drainage and foundations; construction 
and maintenance of earth, sand clay, gravel and broken 
stone roads, including a consideration of the materials 
which enter into their construction; general considera- 
tion of bituminous materials as such and their use in 
the construction of bituminous surfaces, and bitumin- 
ous macadam, bituminous concrete, sheet asphalt and 
asphalt block pavements; the construction and main- 
tenance of wood block, stone block, brick and cement 
concrete pavements; dust prevention, street cleaning 
and snow removal; construction of car tracks and pipe 
systems; comparison of roads and pavements; con- 
struction of sidewalks, bridges and culverts; and a 
general treatment of economics, highway administra- 
tion and highway legislation. 

Laboratory work should be limited to what is some- 
times called lecture demonstration work by the officers 
of instruction. In other words, although it is advisable 
that the methods of testing all kinds of bituminous and 
non-bituminous road material should be brought to the 
attention of students in civil engineering by actual 
demonstrations in laboratory or lecture room, it is 
not considered advisable to devote the time necessary 
for each student to run through complete tests as is 
done by students in the laboratories devoted to the 
testing of structural materials. In two to five after- 
noons all the fundamental tests employed in the exam- 
ination of bituminous and non-bituminous road ma- 
terials could be demonstrated before a group of from 
twenty-five to thirty men if the laboratory equipment 
were properly arranged and the work well planned*out: 
Two to three afternoons would suffice if the testing of 
bituminous materials were covered in a course given 
by the department of chemistry. Unfortunately at the 
present time very few instructors in chemistry are 
familiar with bituminous materials, hence the methods 
of testing will have to be worked up by civil engineer- 
ing instructors. Eventually some of the time now given 
by the department of chemistry to carbon compounds 
or quantitative analysis in courses for civil engineer- 
ing students can be profitably devoted to the chemistry 
of bituminous materials. 

A limited number of inspection trips covering the 
economics of highway location, and the construction 
and maintenance of various types of roads and pave- 
ments will be of value. 

The time devoted to road or street surveys in some 
institutions, in addition to the regular work in rail- 
road surveying and general surveying, is of question- 
able merit. Although there are many problems in high- 
way surveying which are different from those en- 
countered in other branches of surveying, it is doubt- 
ful if it is necessary or expedient to use up valuable 
time on this work considering the number of subjects 
which it is necessary to include in a broad course in 
civil engineering. The speaker’s experience with civil 
engineering graduates who have worked under him on 
highway work has led to the belief that a graduate in 


civil engineering, who has had a good course in rajj- 
road surveying and in railroad curves, together with 
a comprehensive course in highway engineering «s out- 
lined above, is admirably equipped to occupy the minor 
postions in a field party on highway surveys. In these 
positions he may acquire, either through advanced 
study or special instruction, the information and prac. 
tice necessary to occupy the position of chief of party 
and the higher positions in the highway department 
connected with the bureau of surveys. It is, however, 
advisable in certain instances, where practicalle, to 
divide the time devoted to railroad surveying sv that 
a highway survey outside built up districts may be 
added to the course, together with the preparation of 
plans, cross-sections and estimates. 

In further consideration of the special training which 
will be of benefit to those entering the field of high- 
way engineering, the educational plans which have been 
evolved to elevate the profession and to equi): men 
thoroughly for this field of engineering work, foreign 
practice will be given consideration first. 

Great Britain affords an illustration of one method 
by which well-trained highway engineers may, under 
favorable circumstances, be secured. Fortunately for 
the British engineer his position in highway work is 
much more permanent than in the United States. There 
are several reasons why such is the case. \mong 
others may be mentioned the recognition by the Iritish 
public that the principle of continuity in ollice of 
capable engineers results generally in economic: ! and 
efficacious construction and maintenance of public 
works. Those American engineers who visited Creat 
Britain at the time of the Brussels Internationa! Road 
Congress in 1910 will, without doubt, find the mz: jority 
of the prominent highway engineers of England occupy- 
ing the same positions or higher positions when they 
attend the Third International Road Congress to be 
held in London in 1913. This is not a long period, but 
could the same observation be made in regard to the 
personnel of many of our great State highway depart- 
ments for a similar period? It should be stated, how- 
ever, that the subordinate positions in the United States 
being, in many cases, under civil service regulation 
are more permanent than those effected by political 
exigencies. This condition of permanency of position 
of high officials in Great Britain means that it is pos- 
sible for young men who are attracted to highway 
engineering to enter the department of some county 
or municipal engineer, and, proving capable, to acquire 
a valuable experience under the continued leadership 
of an able engineer. In this position a young man 
of the right caliber may, by hard work, including a 
large amount of home study, equip himself for the 
highest positions in highway work in Great Britain. 
Another safeguard of the British engineer, and an in- 
centive to highway engineers in embryo, is the ad- 
mirable practice which has been adopted in many cases 
requiring that applicants for a certain class of posi- 
tions shall hold certain grades of membership in the 
Society of Municipal and County Engineers and in 
other cases certain grades of membership in the Insti- 
tution of Civil Engineers of Great Britain. 

France offers an entirely different type of training 
for men who are going to enter the field of highway 
engineering. All the important positions in this branch 
of the public service are occupied by picked men espe 
cially educated and trained for the service. After a 
preliminary general education covering as a final period 
that comparable with the four years’ high school train- 
ing in this country, men of high standing are admitted 
to the Ecole Polytechnique, the course in which is prac- 
tically two years in length. Upon graduation from this 
school, the men of high standing are allowed to select 
one of the several national schools, provided openings 
exist, in which they will secure special training for the 
public service in a given field. Those who enter the 
Ecole Nationale des Ponts et Chaussees devote three 
years to a general course in civil engineering under the 
leadership of engineers of the highest grade in the 
Department des Ponts et Chaussees de France. Dur- 
ing the vacations these men are allotted to service oD 
the construction of roads and bridges in various parts 
of France. It is evident that the training thus obtained 


is admirable and that the personnel of the engineering 
staff of the department of roads and bridges of France 
is exceptionally high. 

In America, while in some cases an attempt has been 
made to give as special instruction in highway engi- 
neering a four years’ undergraduate course in this 
subject, this method has not given particular satisfac- 
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tion for the reasons previously noted. Excellent work 
has been done by many universities in several parts 
of the country in giving extension courses to groups 
of men interested in various phases of highway im- 
provement. Very little advanced work, however, has 
been done through the medium of the American uni- 
yersity. The United States Office of Public Roads has 
evolved a scheme by which men may secure a certain 
amount of advanced instruction and training in that 
part of highway engineering dealing with highways 
outside of built-up districts. This plan is to place the 
student engineers in the charge of men in the service 
of the office in various parts of the country on different 
kinds of highway work. When it is impossible to work 
in the field, the men do a certain amount of office work 
at Washington, receiving instruction by means of lec- 
tures on certain phases of highway engineering and 
also do laboratory work on the testing of both bitu- 
minous and non-bituminous road materiais. 

In 1911, through the generosity of Charles Henry 
Davis, president of the National Highways Association, 
there was founded at Columbia University a graduate 
course in highway engineering. The object in found- 
ing this course was to elevate this branch of the engi- 
neering profession and to provide an opportunity for 
men engaged in highway work to obtain advanced in- 
struction and training in the various phases of high- 
way engineering under the most favorable conditions. 
For many reasons it is fortunate that the first course 
of this character should be found at a university pre- 
sided over by a president and trustees who look upon 
the work of the university from an exceptionally liberal 
standpoint. While maintaining the high character of 
all degrees conferred, nevertheless these men believe 
in opening the courses of instruction to any mature 
man provided he has the prerequisities for any given 
course and earnestly seeks information. Likewise it is 
fortunate that the administrative authorities allow the 
introduction of an innovation as far as the period of 
attendance is concerned inasmuch as the graduate 
course referred to is given in the period from December 
ist to April ist. An engineer, therefore, who desires 
to take all the graduate courses in highway engineer- 
ing and allied subjects which fulfill the requirements 
for the master’s degree will necéssarily be in attend- 
ance for two winter periods, the equivalent of one 
collegiate year. The selection of this period in which 
to give the instruction was based upon the prevailing 
idea among leading highway engineers that it would be 


feasible for many men to obtain a four months’ leave 
of absence during the dull period of the year. This 
prediction has been found to be correct. 

As this plan is somewhat of an innovation in engi- 
neering education, it may be of interest to cite certain 
facts in connection with the attendance during the 
winter period of 1911-1912, which was the first period 
under this plan. Although the graduate courses were 
not brought to the attention of engineers until Novem- 
ber, 1911, there were in attendance fifteen men affiliated 
with highway work, thirteen of whom registered as can- 
didates for the master’s degree. It is of interest to note 
that this group included men connected with State 
highway departments, contractors’ organizations, mu- 
nicipal departments, engineering-sales departments of 
manufacturing companies, county highway departments 
and consulting engineers’ offices. The experience of 
these men ranged from one to twelve years. They 
came from widely distributed localities, Connecticut, 
Massachusetts, New York, Pennsylvania, Maryland, 
North Carolina, Alabama, Panama and British Colum- 
bia being represented. 

The curriculum of the graduate work in highway 
engineering comprises advanced courses in the eco- 
nomics and design of roads and pavements, including a 
thorough discussion of bituminous surfaces and bitu- 
minous pavements; highway bridges and culverts; me- 
chanical appliances used in highway engineering; road 
and street surveying and highway design; highway 
laws and systems of administration; management en- 
gineering; bituminous and non-bituminous road ma- 
terial laboratory courses; seminars in highway engi- 
neering literature; chemistry of bituminous materials; 
engineering geology; optical mineralogy; and inspec- 
tion trips covering various types of roads and pave- 
ments and manufacturing plants producing highway 
materials. 

A large staff of non-resident lecturers in highway 
engineering, which includes many of the most promi- 
nent highway engineers and chemists in the United 
States, is employed to give instruction on specified 
subjects forming an integral part of the various 
courses. It was decided to throw these special lec- 
tures open to the engineering public and to hold the 
same during evening sessions in order that this feature 
of the work may be of maximum benefit to all that 
may find the university accessible. An attendance of 
from fifty to one hundred engineers at many of the 
lectures during the past winter period showed the 


interest taken in the many problems of highway engi- 
neering presented. 

During the 1912-1913 winter period a special arrange- 
ment will be introduced which is considered of par- 
ticular interest to practicing highway and chemical 
engineers. Many, who cannot secure a four months 
leave of absence, have expressed the desire to devote 
from six to seven weeks at Columbia University in 
securing information relative to the manufacture and 
testing of all kinds of bituminous materials and their 
use in the construction and maintenance of bituminous 
surfaces and bituminous pavements. Arrangements 
have, therefore, been made so that courses covering 
the above subjects may be taken either independently 
or as an integral part of the unified graduate course 
in highway engineering. During a continuous period 
of about six weeks, beginning in the latter part of De- 
cember and ending during the first week of February, 
three courses will be offered as follows: Two weeks 
will be devoted to a demonstration lecture course on 
the mining, manufacture and testing of all kinds of 
bituminous materials; the next two weeks will be de- 
voted to a course on bituminous surfaces and bitu- 
minous pavements; while during the final period of two 
weeks will be given a laboratory course in which 
those enrolled will test various types of bituminous 
materials, make analyses of unknown materials, and 
write specifications covering the use of bituminous ma- 
terials under varying conditions. Each course will com- 
prise forty lectures or eighty laboratory hours, depend- 
ing upon the character of the course. 

During the coming year at Columbia it is expected 
that another innovation will be introduced inasmuch 
as, in connection with the graduate work in highway 
engineering, there will be founded several research fel- 
lowships by various manufacturing companies. The re- 
search workers holding these fellowships will investi- 
gate problems of particular interest and value to the 
manufacturing concerns founding the same. It is ex- 
pected that many problems of wide interest to those 
engaged in highway work will be thoroughly investi- 
gated through this medium. While admirable work 
has been done along many lines in the research labora- 
tories of our universities, the speaker earnestly hopes 
that more attention will be given in the next decade 
than in the past ten years to the multitude of problems 
in highway engineering which demand the best efforts 
of engineers and qualified investigators for their ulti- 
mate solution. 


Tar Oil for Diesel Engines 

“One fact stands out clearly, viz., that coal, which 
seemed to be most threatened by the liquid fuels will, 
on the contrary, gain a new and wider ground of appli- 
cation through the Diesel engine. As tar and tar oils 
ire from three to five times better utilized in the Diesel 
than coal in the steam engine, a much better and more 
economical utilization of coal is obtained if, instead of 
being burned under grates in a wasteful way it is first 
transformed into coke and tar by distillation.” In these 
words Dr. Diesel, in his paper before the Institution of 
Mechanical Engineers last spring, drew attention to the 
value of the Diesel engine to this country (England) 
in spite of the absence of oil wells here. We find that 
Germany has already realized their import, and several 
firms are experimenting with the combustion of tar 
dils in Diesel engines and have achieved remarkable 
Tfesults, notably Krupps, M.A.N., Weser A.G., and 
Kirting. 

There appear to be two methods by which the me- 
chanical difficulties of combustion can be overcome. 
One arrangement allows the admission of a small pro- 
portion of the charge into a chamber surrounding the 
face of the fuel valve. Here it rests for an instant and 
is heated to a high temperature, in fact, almost vapor- 
ized, before admission to the cylinder where it is 
ignited. The second arrangement consists in the ad- 
nission of a small charge of kerosene or gas oil slightly 
in advance of the tar oil, this auxiliary fuel, as it may 
be termed, causing a sufficient rise in temperature in 
the combustion chamber to burn the tar oil which im- 
mediately follows. Experiment has shown that it is 
hot sufficient simply to inject a mixture of tar oil and 
gas oil. The auxiliary charge must go in first. When 
this is done the complete combustion of the oil presents 
little difficulty and no deleterious deposits are left in 
the cylinders or on the valves. Thus from the mechani- 
tal point of view all appears to be fairly plain sailing. 
As is so often the case, the real difficulties only begin 
to manifest themselves when the matter is considered 
from the practical commercial standpoint. A very large 


Proportion of the engines which are now running com- 
mercially on tar oils to-day are, we believe, those 
which are furnishing power in gasworks, where the 
supply of fuel is abundant and where there are no 
transport charges, so that the cost is very low. Directly 
the field is enlarged the supply would be insufficient and 


the price would become prohibitive, certainly far be- 
yond the £3 per ton at which it now stands. Even the 
demand of the roadmakers for dust laying and road 
making has caused a rise of. 100 per cent in the price 
of tar in the last five or six years. This may have been 
of great benefit to the gas works, resulting, as it has 
done in practically doubling the profit on the gas, but 
it has a serious effect on the outlook for the proposed 
fuel supply. In the carbonization of coal for the pur- 
pose of gas making the gas is, of course, the first con- 
sideration, though the sale of the residuals—coke, tar, 
sulphate of ammonia, ete.—return about 60 per cent 
of the cost of coal used. The difficulty from the point 
of view from which we are now considering the treat- 
ment of the coal is that by the present processes the 
amount of tar oil suitable for combustion in a Diesel 
engine only forms a very minute proportion of the total 
coal used. It amounts, in fact, only to some two gallons 
to the ton, the gallons weighing about 10 per cent more 
than a gallon of water. Under these conditions to run 
a 70,000 horse-power battleship for one hour on tar oil, 
taking the consumption of oil at 0.5 pound per horse- 
power per hour, about 1,600 tons of coal would have 
to be carbonized. This 1,600 tons of coal would steam 
the same ship for about forty hours if used with steam 


engines, taking the consumption at 1.25 pound per 
horse-power. To run a squadron of eight ships of 


70,000 horse-power each for twenty-four hours at full 
speed would require the carbonization of no less than 
300,000 tons of coal, or about one eighth of the present 
total amount of coal used by the Navy in a year. In 
other words, instead of using about two and one half 
millions of tons of coal in a year on our Navy, about 
one hundred millions of tons would have to be carbon- 
ized for the same number of horse-power hours at sea. 
Under present conditions, therefore, the use of tar oil 
is unthinkable. The matter is, however, worth con- 
sidering further. If the main object to be sought for 
in the carbonization of the coal were the tar oil and 
not the gas the amount of oil produced per ton could 
be considerably increased, though the value of the by- 
products would probably be reduced thereby. The vol- 
ume of gas, for instance, would probably be halved. It 
has been claimed, though we take no responsibility for 
the figure, that by modern processes in the treatment 
of the coal as much as 80 gallons of tar oil suitable for 
combustion in Diesel engines can be produced from one 


ton of certain coals. If this is correct it would reduce 
the figure necessary for running the 70,000 horse-power 
ship for one hour from 1,600 tons to the more manage- 
able one of 40 tons. The total annual consumption 
would then be reduced from 100 million tons to the 
original 24% millions required under the present steam 
conditions. This figure is only given for the purposes 
of argument, and ignores the present consumption in 
the Navy of oil fuel, which is to some extent at least 
home produced. It is also claimed that the modern 
processes do not cause deterioration in the quality of 
the coke. 

The whole thing then comes simply to a question of 
(1) what is the net cost at which the oil can be pro- 
duced, and (2) can a large enough market be found or 
created to absorb all the by-products so as to keep that 
price at a reasonable figure? Unless the by-products 
can find a good market, which may be difficult at first, 
it is probable that the cost of production of the oil 
would be too great to permit it to be used except in 
cases of emergency, say, when war had cut off our for- 
eign supplies. This difficulty might be overcome by 
some such arrangement as that suggested in our leading 
article of March 29th. Foreign supply would be used 
in peace time supplemented only by such a proportion 
of the home-produced tar oils as would serve to keep 
the home manufacturer in training for the emergency 
which would undoubtedly arise in war time. We fully 
realize the difficulties in the way, such as the setting up 
of factories, the disposal of the by-products, ete. We 
think, however that the figures we bave produced above 
are sufficiently suggestive to warrant, at all events, a 
very careful investigation of the whole subject. First, 
let the maximum amount of oil which can be extracted 
from a ton of coal be determined. Then, if this figure 
is found to be sufficiently promising, let the Royal Com- 
mission on Oil Fuel and Engines go thoroughly into 
the whole question of production. The field of investi- 
gation is so large that only some such body could collect 
the facts. The importance to this country of a home 
supply of fuel is so vital that no possible source must be 
overlooked. As we have previously pointed out, investi- 
gations with regard to the methods of using the tar oil 
in Diesel engines should be carried out simultaneously 
by that body, so that when the motor battleship is 
found to be practicable we may be ready both with the 
fuel and the means of using it.—7he Engincer, 
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The Marcel Besson Stand. 


The Vinet Stand. 


Novelties at the Paris Aviation Show—IIT 


A Fine Exhibition Representative of the Present Development of the Art 


Concluded from Screntiric AMERICAN SuprLEMENT No. 1927, page 363, December 7, 1912 


ASTRA, 

Tue main differences in this year’s Astra machine 
as compared with the one that figured at last year’s 
Salon, are that it is equipped for water-flying and that 


steel has been employed largely in its construction. 


The 100 Horse-power Astra Hydro-biplane. 


Wood is, in fact, very little used, for only the ribs of 
the main planes and the floats are constructed of it. 
The main body as before, is of triangular section, but, 
this year, it is built up of steel tubes, acetylene welded 
and braced with piano wire. ‘To it in front are attached 
by more steel tubes, two massive wooden floats of 
Tellier construction. In the wings, large diameter steel 
tubes have replaced the old pattern wood spars, and 
over them the ribs are loosely jointed in such a manner 
that the warping works with extraordinary freedom. 
The old system of Wright wing flexing and strut attach- 
ment is retained. There are seats for three, the front 
one being for the observer, and the two to the rear 
being for pilots, each of whom is provided with controls. 
Fitted with a 12-cylinder Renault engine of 100 horse- 
power, it looks a machine for serious work. 
BERTIN, 

M. Bertin’s machine is a monoplane which follows in 
its general design conventional practice. Its main body, 
pentagonal in section, is a girder of wood and steel 
wire. In front is mounted an 8-cylinder 100 horse-power 
engine of M. Bertin’s own design and construction. 
The tail has fixed vertical and horizontal surfaces, 
to which are hinged respectively the rudder and the 
elevators. Its chassis is built up entirely of steel tub- 


The 110 Horse-power British Breguet Biplane. 


ing, and although not highly original, is, nevertheless, 
extremely neat and effective. Its flexibility is derived 
from steel compression springs inclosed in the outer 
oblique chassis struts, the vertical center ones acting 
purely as guides. 
BESSON, 

Although its general design remains the same, this 

machine has changed somewhat in its appearance since 


* Reproduced from Flight. 


it made its début at the last Paris Show. Then, the 
side elevation of the machine in the neighborhood of 
the pilot’s seat was such a curious one, and in fact so 
was the entire nature of the machine, that many were 
the questions asked as to the direction in which it flew. 


STEEL 
COMPREES'ON 

SPRING 


The Landing-gear of the Bertin Monoplane. 


Further, it was rather humorous that after about three 
days of this there appeared on the stand large boards 
on which were painted equally large arrows to indicate 
the required direction. This, at any rate put an end to 
the exasperating questioning. But we digress. The 
appearance of the machine as it now stands can be gath- 
ered from one of our pictures. It may be seen that it 
has a triangular fuselage constructed entirely of steel 
tubing, acetylene welded. This, in fact, is a system on 


Y 


The New Form of Chassis Fitted to the British Breguet 
Biplane. 


which the whole machine is constructed even to the 
wings. The balance of the machine laterally is toa 
certain extent effected naturally by the turned up wing 
tips, and by the flexible construction of the trailing 
edge, but so that lateral equilibrium may not altogether 


The 100 Horse-power Bertin Monoplane. 


be out of the hands of the pilot, ailerons are fitted. The 
machine exhibited is in reality a three-seated and has 
been designed to fly with an SO horse-power (Guome 
engine. At the show it was temporarily fitted with a 
similar engine, but of only 50 horse-power. 

BRITISH BREGUET. 

Two British firms recognized the wisdom or were 
in a position to avail themselves of the wisdom, of 
exhibiting their goods at the Paris Salon. One firm was 
the Bristol Company, the other Breguet Aeroplanes, 
Ltd., of 1 Albemarle Street, Piccadilly, W. Under the 
direction of M. Garnier, the latter firm exhibited a 
beautifully constructed Breguet three-seater warplane, 
equipped with one of the new 110 horse-power horizontal 
Canton-Unné motors. In its mean features it is a 
machine very similar to that which the British Breguet 
firm sent to Salisbury to compete, last August, in the 
military competition there. But as regards its landing 
gear there is a change, for the single front steerable 
wheel has been replaced by a pair of wheels mounted 
on a short axle which is connected to a heavy gage 
steel tube extending downward from the nose of the 
fuselage by means of a transverse laminated steel 
spring. We print a sketch to illustrate this point. The 
rear pair of wheels of the chassis remain as they were 
formerly, supporting the main weight of the machine 
through heavy oleo-pneumatic springs of patented de- 
sign. The body of this machine is covered in entirely 
with aluminium sheeting, and a very warlike looking 


The Peculiar Breguet Hydro-monoplane. 


job it makes. However, in future machines they intend 
to cover the fuselage with “Durehide,” a type of “syn 
thetic” leather. This material, as a matter of fact, 
is used on the present machine to bind the leading edge 
of the planes, in place of the aluminium sheeting that 
was formerly employed. One of the most noticeable 
features of this excellent biplane is the care with which 
the fuselage has been designed and shaped to avoid a8 
much head resistance as possible. This is the chief 
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The Sanchez Besa Stand. 


reason for the setting of the engine in a horizontal 
position. Another interesting exhibit on the stand was 
a clever system of dual control, the subject of a patent 
held by the British Breguet Company. It is so arranged 


The Donnet-Lévéque Hydro-biplane. 


that while the pilot and the observer may have control 
of ‘he machine, either separately or in unison, the 
pilot always has command of the situation. By means 
of » small hand lever he is able at any moment, if the 
observer is driving, to deprive him of the use of his 
controls. Further, it is arranged, that should the pilot, 
in action, be killed or so seriously wounded as to render 
it impossible for him to continue in charge of the ma- 
chine, the observer may, by reaching behind him and 
altering the position of the hand lever, transfer the en- 
tire control of the machine to his own column. 
BREGUET HYDRO-MONOPLANES. 

lligh above the stand of the French Minister of War, 
at the top of the flights of steps leading to the gallery, 
rested this novel machine—Breguet’s version of what a 
sea-going hydro-monoplane should be. A glance at our 
sketch will be sufficient to convey to the reader that it 
is no ordinary machine. 

Its body, short and bluff in relation to the span of 
the wings, is built of steel tubing, and rests on a huge 
wooden hydroplane float of rectangular section. 

The main novelty of the float is that on either side 
project auxiliary floats, somewhat of the same shape as 
those that Fabre constructs, arranged so, to improve the 
lateral stability of the machine when floating on its 
liquid element. 

In the front of the body is mounted the motor, a hori- 
wutal Canton-Unné engine of 110 horse-power, which 
drives, through an upwardly inclined steel shaft, a four- 
bladed tractor screw, mounted in front of all. Behind 
the engine sit the two pilots, side by side, each of them 
being provided with controls. On either side stretch 
the wings, of customary Breguet design, and behind all, 
at the end of the rapidly tapering body, is a huge cruci- 
form tail. 

Although the work of the machine has not yet been 
estimated by practical test, it is already the property 
of the French navy. 

We should imagine that most interesting results will 
be obtained as soon as experiments are started upon. 

DON NET-LEVRQUE. 

The hydro-biplane shown on this stand is of rather 
more interest than usual, for it was one of the first 
machines of its type to meet with a measure of success, 
and for the fact that the British Admiralty has bought 
one of them. The one shown is of quite light build and 


is arranged as a two-seater, driven by a 50 horse-power 
Cnome. That supplied to the navy was of much stronger 
and heavier build, equipped with an 80 horse-power 
inome and intended more for open sea work than for 


The Disappearing Landing-chassis of the Donnet- 
Lévéque Hydro-biplane. 


service on river or lake, or stretches of water where the 
surface does not get unduly disturbed. So that it may 
be employed for alighting on land or on sea, it is 
fitted with a clever type of disappearing chassis which 
may be hauled up clear of the water by releasing a catch 
and turning a handle mounted at the rear of pilot’s 
head. Perhaps our sketch will make this point clearer 
than would be possible by word description. The coque 
is built throughout of mahogany, which wood also enters 
into the construction of the tail in those parts which 
are likely to get splashed with or immersed in water. 


The Drzeweicki Double Monoplane. 


In front the section of the coque is rectangular, but aft 
of the main planes it takes on a section represented by 
a triangle standing on its base. There is a step in the 
float at a point just below the entering edge of the 
main planes. At the side of the body it is about 6 
inches deep, but in the center it is considerably less, 
for the bottom of the hydroplane has the peculiarity 
that it is concave. Naturally there is no tail float in 
the accepted sense of the term for the coque itself acts 
in that capacity. There is, however, a small wooden 
plane, shaped more or less like a penguin’s tail, which 
assists in getting the tail off the water when starting 
off. Inside, the coque is divided into watertight com- 
partments, to eliminate the chance of it becoming com- 
pletely flooded should it strike any hard obstacle and 


M. Moreau’s Automatic Stability Monoplane. 


The 50 Horse-power Vinet Monoplane. 


The Breguet Stand. 


become punctured. Small egg-shaped floats are fitted 
to the tip of the lower planes to steady the machine on 
water. The engine is mounted in a position about two 
thirds up the gap between the main planes, and pro- 


The Water-skid at the Tail of the Donnet-Lévéque 
Hydro-biplane. 


vision is made so that the pilot may start it without 
leaving his cockpit. 
DOUTRE. 

Here there is a biplane which is practically an exact 
copy of a Maurice Farman as regards its general ap- 
pearance. Hardly the same, unfortunately, can be 
said as regards its workmanship. It is fitted with the 
well-known Doutre system of insuring longitudinal 
stability, an explanation of which device appeared in 
these pages some time ago. 

DRZEWEICKI. 

On the Ratmanoff stand, in addition to “Normale” 
propellers, is exhibited a peculiar type of double mono- 
plane, constructed to the designs of M. Drzeweicki, 
under whose license, by the way, those excellent pro- 
pellers are constructed. Its central unit of construc- 
tion is a totally covered-in fuselage of rectangular sec- 
tion, at either end of which are arranged the wings. 
Those in front are of smaller dimensions than those 
behind, but meet the air at a greater angle of incidence. 
They, in addition to sustaining a portion of the weight 
of the machine, control its altitude in flight. Some 
little distance behind them sits the pilot, and at his 
back is the engine, a Labor-Aviation, which drives a 
propeller at the extreme rear end of the machine 
through a steel shaft. Steering is effected by verticai 
rudders pivoted to the tips of the rear wings. Bach 
end of the machine is provided with a landing chassis 
of its own. In front there are two wheels whose flexi- 
bility is controlled by pneumatic springs extending 
along the base of the body. There is also a nose skid, 
but it seems to be placed too high to be of much service. 
The chassis at the rear of the machine is a combination 
of wheels and skids, the disposition of which can be 
gathered from one of our sketches. The wheels are 
sprung by laminated steel springs, such as were used 
on the new Blériot racer shown at last year’s Salon. 
The machine has not yet flown. 

MOREAU. 

Here stands a 70 horse-power two-seater monoplane, 
interesting in that its longitudinal stability is arrived 
at by automatic means. It has two seats side by side, 
built up in the form of a cage, which is swung pendulum 
fashion from the top member of the fuselage. It is 
connected to the tail, a plane surface shaped like a 
triangle with its apex clipped by a system of steel 
rods. The main idea of this system is that when the 
pendulum seat is hanging perpendicularly relative to 
the line of flight, the tail is in a position which makes 
for a horizontal flight path. Should the machine tend 


New Form of Control of the Sommer Monoplane. 
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to climb, the pendulum seat changes its position rela- 
tive to the rest of the machine and in doing so auto- 
matically re-adjusts the tail to restore the machine to 
normal level flight. Should the machine dip the same 
thing occurs, only of course in the opposite sense. Em- 
ploying a system of this type it is, of course, necessary 
to have supplementary elevator controls to carry out 
such maneuvers as ascending and descending. This, 
on the Moreau machine, is effected by an auxiliary 
lever to the right of the pilot. The machine's lateral 


stability is to a certain extent natural owing to the 
design of the wings, but further control is maintained 
by a lever projecting downward from the framework 


above, operating ailerons. By M. Moreau’s system it 
is possible to cut the automatic device out of action and 
maintain control simply by the use of the levers. Im- 
provements have been made on the first model with 
which M. Moreau experimented. He found that, should 
the engine stop in mid-air, the pilot’s seat swang for- 
ward with its own inertia and set the tail for ascent— 
a very uncomfortable position to find one’s self in with 
one’s engine stopped. On the present machine he has 
fitted a device which detects any tendency on the part 
of the pendulum seat to swing forward by virtue of 
its inertia, and which immediately locks the pendulum 
seat, thus preventing the machine from getting cabré 
owing to engine stoppage. He has found, too, that if 
the machine encounters a strong gust head on there is 
a similar tendency for the monoplane to assume a 
cabré attitude. 
plate is fitted in front of the body normally to the rela- 
tive wind, which plate detects any sudden gust and 
locks the pendulum seat. From a constructional point 
of view the machine does not possess a great deal of 
interest, excepting in its chassis, which is extremely 
flexible. The skids themselves are mounted so that 
they may give fore and aft, parallel to the bottom 
members of the body, against the restraint of shock 
absorbers. 


To obviate this, a small aluminium 


SANCHEZ BESA. 

The biplane they are exhibiting shows, in its methods 
of construction and the design of its details, an extra- 
ordinary amount of Voisin influence. But we can 
searcely think that the general design is of the same 
origin. Primarily it seems that the machine has been 
designed as a hydro-biplane of the Donnet-Lévéque 
type, for it has a fuselage somewhat of the same type 
as the coque of that machine, and its main planes are 
arranged wholly above it. A 75 horse-power Renault 
is used, which is stowed away in the fuselage and which 
drives by chain transmission a propeller set practically 
level with the top plane. The landing gear with which 
it is.fitted is purely Voisin. If the machine were a 
hydro-aeroplane we could probably understand why 
this disposition had been adopted, but as the machine 
shown is purely one for use over land, it would be 
rather interesting to know why the designer has de- 
parted so radically from what is récognized as the 
best possible arrangement of such factors as centers of 
gravity, of head resistance, and of thrust. 

SLOAN, 

This is a tractor biplane which does not seem to have 
changed in any respect from last year’s machine except- 
ing that a 150 horse-power Laviator engine is fitted 
in place of last year’s 100 horse-power Gnome, and 
that the peculiar curvature of the main planes is less 
accentuated. Its main points are that it has a box 
girder fuselage of wood, cross braced with wire, that 
its tail is of conventional lifting type with rear flap 
elevators protected from the ground by a bent skid, 
that its main planes are braced in the ordinary manner 
with two ranks of struts, and that its landing car- 
riage is of a type descendant from the Henry Farman. 

SOMMER. 

Sommer is showing two machines—a 75 horse-power 
Renault engined biplane and a 50 horse-power Gnome 
engined monoplane. In neither case, we regret to say, 
do the machines show any advance on the types that 


were shown twelve months ago. For the biplane, a 
good deal of steel is used in its construction, although 
not nearly to the same extent as was evident in the 
extremely neat and promising biplane with the single 
rank of struts between the planes, that Sommer ex- 
hibited on his stand last year. The skeletons of the 
main planes, the tail and the front elevator, and the 
strutting of the cellule are of wood. The tail outrig- 
gers, elevator outriggers and chassis are of steel tub- 
ing. Sommer has abandoned his original idea of mount- 
ing his pair of landing wheels on a long common axle. 
In his new form of chassis each wheel is sprung from 
a pair of supports in such a manner that if the machine 
landed in any sort of a side wind, they could do noth- 
ing but collapse. From one of each pair of supports on 
either side of the machine, long curved tubular skids 
extend forward to meet the front elevator. They, too, 
seem of little use, for the steel tube must be insuffi- 
ciently solid to avoid a smash should the machine land 
nose down, a contingency for which skids of this type 
were originally designed. 

The main novelty in the monoplane is a new system 
of control whereby the surface that ordinarily consti- 
tutes the fixed lifting tail may be varied in attitude 
according to the degree of deflection that the rear ele- 
vating flaps are given. From the diagrammatic sketch 
we print can be gathered an idea of how this movement 
is effected. Presumably the object of this system is to 
provide a more powerful control, and we can but re. 


mark that, if this is indeed the case, the designer could : 


have achieved his object without resorting to such com- 
plicated means. 
VINET. 

A 50 horse-power Gnome engined monoplane is ex- 
hibited here. Like many more machines in the show, 
it does not seem to have changed one whit since last 
year. Its main peculiarity is that its body, totally in- 
closed with fabric, is slung below the wings, the enzine 
being mounted on a level with their leading edge. 


An Investigation on the Manufacture of Tea 
A Contribution from Japan to the Eighth International Congress of Applied Chemistry 


By S. Sawamura, College of Agriculture, Imperial University, Tokyo 


J. EFFECT OF STEAMING ON THE ACTIVITY OF THE ENZYMES 
OF TEA LEAVES. 

In green tea leaves there are present abundant oxydiz- 
ing enzymes, wherefore Mann in India holds the opinion 
that such oxydizing enzyme is one of the factors which 
determine the quality of tea. In the manufacture of 
green tea, however, the oxydizing enzyme of tea leaves 
is killed by steaming, because when it is active the green 
color of tea leaves can no more be retained. The author! 
found in another investigation that the formation of the 
aroma of manufactured tea, which takes place usually 
during the rolling of tea leaves, is due to the action of a 
certain enzyme on a certain compound in tea leaf. 
Hence if steaming kills all the enzymes of tea leaves the 
production of aroma may be more or less hindered. 

In 1909 I tried to determine whether all the enzymes 
of tea leaves lose activity by steaming in the usual man- 
ner. In these trials green leaves were steamed in the 
usual manner, respectively, for 30 seconds, 50 seconds and 
one minute, and the steamed leaves as well as the un- 
steamed were crushed and extracted with 40 per cent 
alcohol. The extracts were precipitated with ether- 
alcohol and filtered. The precipitates were washed with 
alcohol and again dissolved in water. The solution gave 
no reaction with Fe:Cl, proving the absence of tannin. 
Oxydizing enzymes were tested with tincture of guaia- 
cum, and with guayacol and H;O:, by which the solution 
obtained from unsteamed leaves showed the characteris- 
tie reaction, while the steamed did not. Steaming for 
30 seconds killed oxydizing enzymes completely. In 
another trial tea leaves steamed for 20 seconds were 
tested for the presence of oxydases, and a faint reaction 
was observed. From these facts we know that the oxy- 
dizing enzymes of tea leaves lose activity when they are 
steamed only for 30 seconds. 

I tried then to see whether the enzymes other than 
oxydases lose activity by steaming for a short time. 
Preliminarily I detected diastase in tea leaf in the follow- 
ing manner: Green tea leaves were crushed in a mortar 
and extracted with 40 per cent alcohol. To the extract 
ether-aleohol was added, and the precipitate thereby 
formed was washed and again dissolved in water. In this 
solution tannin was removed by hide powder and putre- 
faction was prevented by the addition of thymol. It was 
filtered, and to the filtrate, which gave no reaction with 
Fe,Cl,, and did not reduce Fehling’s solution, some boiled 
starch and thymol were added. The solution after hav- 
ing been kept at 40 deg. Cent. for 4 days, reduced Feh- 


1 Bulletin of Agric. Exp. Station, No. 1. 


ling’s solution considerably. We confirmed by this test 
that diastase of tea leaves can be detected in this manner. 

The tea leaves steamed for 30 seconds, in which oxy- 
dase was completely killed, also reduced Fehling’s solu- 
tion when treated in the same manner. Hence we know 
that oxydase is much more sensitive than other enzymes, 
such as diastase, and it is highly probable that some 
enzymatic actions take place in the first stage of rolling 
tea leaves, and the production of some fine aroma is due 
to them. In practice, therefore, steaming of tea leaves 
must be so regulated as to kill only oxydizing enzymes 
but not other enzymes. 

Il. EFFECT OF ROLLING ON THE SOLUBILITY OF TEA. 

Whether the object of rolling tea leaves in the manu- 
facture of green tea is to give tea a fine shape or to press 
out the juice in order to accelerate the desiccation of the 
leaves, or to break the cells in order to increase solubility 
is, as far as I know, not yet decided. According to the 
investigation of Dr. Kozai* the solubility of green tea was 
little increased by the manufacture, but Rombe and 


‘Roman’s experiment* showed on the contrary the de- 


crease of soluble tannin and thein. 

To settle this question I made an experiment in 1905, 
in which fresh tea leaves, picked at a sheltered tea garden, 
were divided into three parts, and one of them was 
steamed and dried without rolling which served as con- 
trol; the second part was prepared into green tea (Gyo- 
kuro), and the third part into Tencha, which is usually 
prepared without rolling the leaves. The infusion of 
these three kinds of tea was found to be as follows: 


Control. Tencha. Gyokuro. 
Color light deeper * deepest 
Flavor weak 
stronger strongest 


The reaction of the infusion with Fe:Cl. was not the same 
in three kinds; that of Gyokuro produced deep black 
color, while control and Tencha a very faint black color. 
The solubility of tea was determined as follows: 400 
cubie centimeters of boiling water were poured on 10 
grains of the powdered sample which had been kept at 
100 deg. Cent. for an hour. It was filtered after leaving 
it to stand for 5 minutes and washed on filter with 100 
eubic centimeters of boiling water, and soluble matters 
were estimated in it. 

* Bulletin of College of Agriculture and Dendrology, No. 7. 

* Konig. Chemie der Nahrungs und genussmittel B. II. 


The composition of the control tea was as follows: 


In 100 parts of air dry substance: 
6.215 

In 100 parts of dry substance: 
9.042 
Nitrogen free extract.................. 14.101 
Total nitrogem............... 6.717 
Albuminous nitrogen................... 4.520 


The soluble constituents of the three samples were: 
tN 100 PARTS OF DRY MATTERS. 


Control. Tencha. Gyokuro. 
Dry matter. . 34.057 34.130 33.862 
Tannin...... 7.083 6.939 6.477 
Thein....... 3.124 2.996 3.088 
5.249 5.373 5.197 


According to these results Gyokuro, which was pre- 
pared by rolling the leaves, showed no greater solubility 
shan the other two. Soluble tannin decreased in Cyo- 
kuro probably in consequence of oxydation during the 
rolling. 

In the other experiment I determined solubility of 
three samples in a different manner. Ten grains of whole, 
unpowdered sample were put in a beaker, and after 
keeping it at 100 deg. Cent. for an hour 200 cubic centi- 
meters of boiling water were poured on and filtered 
through glass wool after leaving it to stand 5 minutes. 
In the filtrate dry substance, crude protein, tannin, thein 
and ash were estimated. They were as follows: 


Control. Tencha. Gyokuro. 
8.375 7.953 7.638 

16.076 | 21.190 29.233 
1.885 2.141 2.313 
0.659 1.312 5.492 
1.975 2. 2.804 
3.405 4.411 4.385 
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» ‘ 1908. temperature must of course be properly applied. If it is 
too high; the quality of tea is much deteriorated. 
=z : Tem- Color of 
In 100 parts each No.| pere- Color. Flavor. the infused Some Facts About the Fly 
constituent leaves. Ir has been said that there are as many flies as there 
ae aa are fruits. This is not literally true; nevertheless, 
. 31.958 |csot fred) | Greenish yel- there are some 40,000 known species, of which 3,000 
Tannin......| 4.127 8.216 34.374 {| ww to 4,000 inhabit the British Isles. The Diptera, as the 
49.750 4 |101 deg.C. hi ) Little reddish name implies are two-winged insects; but the rudiments 
a anion é ‘140 deg.0. Redder thanNo.s ) Bad smell Reddish of a second pair still remain in the form of diminu- 
The increase of solubility compared with the control 7 |160 deg.C.| Reddish | lackish brown tive drum-shaped appendages, known as the balancers. 
was found to be as follows: ~—— 9 BLACK TBA. Their use is not definitely known; but experiment shows 
that, when damaged or destroyed, the flight of the 
Tencha. | Gyokuro. | Tem- Color of insect is seriously impaired, becoming an ascending 
4 = = Outer. Flavor. by L— spiral, but otherwise directionless. In the House Fly 
Dry matter...... 5.476 14.111 TY Control Lighter thanNo.2| Weaker t ) there are complicated gland-like organs at the base of 
Nitrogen......... 3.801 6.359 '(not No. 2 | the balaneers, also of unknown function. A suggestive 
28. 488 them form of fly which affects the coats of red deer, when 
4 101 des.C. Lighter thanNo.3 securely lodged thereon, casts or bites off its wings; 
i h h h h OF SRO’. 5 119 deg.C. Reddest } Dat ccd J hence, if red deer were as numerous as man, a gradual 
were used, there was greater increase of solubility in t | mate disappearance of these organs might ensue. Some 
rolled leaves. Hence we may conclude, that the rolling 1909. similar process probably marks the evolution of the 
of tea of 1.—GREEN TEA. common flea, which is a wingless type of dipteron. 
© Juice p= Flies are the élite of the insect world, both as regards 
and making it dry on the surface of the leaves. No. structure and metamorphosis. This latter is more com- 
A second experiment on the same subject was carried ture. infusion. infusion. | infusion leaves. plete than in any other insect, because during pupe- 
on in 1906 with tea leaves picked in an unsheltered tea tion the whole of the organs of the larval stages are 
den. The leaves were divided i wo part d 1 | Control |Faint Weak Weak ] 
into two (not fired) | dissolved into a creamy fluid (essentially a return to 
pert was dried after ney Wt and served as control, and ; dee. — than bn cae the egg stage), and from this arise the very different 
the other part prepared into green tea. The infusion of «teed 4 . va + Usual organs of the imago or perfect insect. 
Kok ter t Good t 
the two samples was found to be as follows: ™ me 2 - | The eggs are laid in organic refuse, and in this land 
Control Green Tea. 100deg.0. Worst Bad Most bitter] Little burnt oung grubs eat vigorously, grow 
: orm a hard case with loose top segment which is 
. 2.—BLACK TEA. finally pushed off to allow of the exit of the perfect 
Qommen insect. As this emerges from the pupa, so it remains 
Faint Good Mos. | Faint | during life. It never increases in size, and the small 
2 | 60deg.C.| ood arge 
— — — 3 | 70dee.C. { Light best hone — flies of the spring are different species to the larger 
The composition of the original leaves was found to be 4 | 80deg.C.|Best Weak eaker flies of a later season. Like all insects, flies are 
as follows: ilinaineni | divided into three segments—head, thorax, and abdo- 
In 100 parts of air dry substance: 6 |100 dee.C. me SY Bad Bad teats men, with their appendages. They breathe through 
y | f holes in their sides (spiracles), which are the entrances 
In 100 parts of dry substance: The chief constituents of the tea were found to be as ‘t® ® Complete system of tubes, a valve at the end of 
33.209 follows: each opening preventing the expulsion of air, which can 
ee ere 25.656 1908. thus travel in one direction only. The air is pumped 
18.889 1—GREEN TEA. through these tubes by the aid of an ingenious pumping 
3.266 device situated at the opening to the tubes, the walls 
5.719 In 100 In 100 a of which are surrounded by rings of a horny substance, 
solubl 44.525 rdry to prevent them from collapsing, and by blood vessels, 
5.313 4 | ‘ture. through which the air is forced, finally leaving the body 
wa 0.864 Water. |Tannin.| Thein. Solu- Soluble Soluble through the skin. blood 
sixty to seventy s their ow re acles 
powdered samples, was found to be as follows: 1 | ones, 5.228] 15.690} 3.210) 37.458) 11.724 2.506 are associated with the buzzing noise commonly 
Control Green tea 3 $3 11.785 2.090 thought to be generated by the motion of the wings. 
a 4 |101deg.C.| 1.383] 14.602) 3.101 '553| 11.688, 2.444 If the wings are removed, the sounds are produced 
| 14-098) 2-455 with equal loudness. The tongue, or proboscis, is fur- 
- 7 |160deg.C.| 3.005) 13.248) 3.098) 29.898) 6.470, 2.317 nished with fine tubes, which exude a saliva, thus dis- 
Tannin.......... 4.883 12.802 solving sugary substances, which, if too large, can be 
1383 3: broken up by small teeth, thus facilitating the forma- 
— 1 mtrol | 4.445) 8.575| 3.075] 27.393| 4.045| 2.518 tion of a syrup. Their eyes are each compounded of 
I 2 deg.©.| 3.985|.......|....... 27.027| 4.151| 2.676 000 six-sided facets, each at the summit of a tube, 
| Control. Green tea. | Green tea. 3 | 81deg.C./ 3.703).......]....... 27.415) 4.390| 2.290 at the base of which is connected a nerve fiber. There 
4 |101 deg.C.| 2.293) 7.247) 3.130) 27.020) 4.450| 2.705 : 
— | Hie $- 26. 383 3.683 2.477 are three smaller eyes forming a triangle above and 
In 100 parts each con- 7 |156deg.C.| 1.460) 5.797| 22'757| 1.961| 2.500 etween these, with the apex toward the front of the 
stituent there were head. Their use is unknown. If varnished, flight is 
— 23.119 59.948 87. 29 not affected ; if 
 NPORESESTe 61.074 65.403 4.329 | In 100 periments show that flies are more responsive to air- 
me Aa iia wile dens In 100 parts dry substance. currents (denoting the approach of danger) than to 
light, and depend more upon this than upon vision. In 
The result of this trial agreed with that of the former 4 “ ture. ; __ proof of this, if a wasp is placed in a glass tumbler, 
one, showing the increase of solubility in the rolled leaves. Water.|Tannin.| Thein.| Solu- /SolubleSoluble the bottom of which is turned to the light and the 
Hence we may conclude, that the chief effect of rolling bility. | tannin. | thein. open end placed in shadow, the creature will exhaust 
lea leaves is the increase of solubility of the constituents. +1 aus | Gans) asaeal Gare itself in its efforts to get out at the closed end, and 
The desiccation of the leaves will also be accelerated > (not fired) : pes 077) 37.557) 11.621) 2.191 -omain indifferent to the easy exit at the other. This is 
tolling by pressing out the juice from the interior of the 2 60deg.C./ 4.512) 15.844) 3.134) 37.252 11.883! 2.425 not so with the House Fly. If the open end of the 
tells. From these facts we are justified in testing tea- ¢ soewe.S. 3.168 15.418) 3.209) 36.455 11.711) 2.536 glass be covered, efforts will be directed more or less 
infusion to take a whole, unpowdered sample, and to 6 | 100 deg.C. 1.844] 14.586) 3.061 24008 1 rr] ot equally all over the glass; and, if a movement of the 
infuse it only for a few minutes. Total solubility as . — ‘ cover is made sufficient to leave space for exit, the 
determined in the u method is not of much use for a 3—StA0e TEA. _——CS*sél:« iss immediately sensible of the draught through that 
Pra-tical purpose. 1 trol | 6.320| 8.484) 3.165| 27.5561 3.917| 2.343 SPace, and makes a hurried departure. Flies are more 
il, THE EFFECT OF FIRING ON THE CHEMICAL COMPOSITION Cast Seem) easily caught by slow movements—a fact known to 
OF TEA. 3 0 378 3.468 some of its insect preys, who feign death to secure 
Green tea as well as black tea are usually refired some dec ca voy 9-80) Se 3978) 2-497 the near approach of an intended victim. 
days after the manufacture. By refiring the flavor is 6 |100 deg. 6. 2.049} 7.093) 3.046) 26.475) 3.283] 2.200 The nose, or organ of smell, is centered in two “feath- 


much improved, but the infusion usually becomes darker 
incolor. In 1908 and 1909 I made some investigation on 
the effect of refiring on the quality and composition of 
tea. I kept respectively green tea and black tea at vari- 
ous temperatures for one hour and then analyzed them. 
Tannin was estimated by Léwenthal’s method and thein 
by Mulder’s method. Solubility was determined by 
infusing 2 grains of whole tea leaves in 400 cubic centi- 
meters of distilled water for 2 hours, and after 100 cubic 
tentimeters of water had been added it was filtered. The 
temperature used for firing, the color and flavor of the 
infusion and the color of the infused leaves were found 
© be as follows: 


From these results we may conclude, that green tea is 
improved in quality by being fired at 70 deg. Cent. for 
one hour, and temperature higher than 70 deg. Cent. 
spoils both the flavor and color. The optimum tempera- 
ture for firing black tea lies little higher than for green 
tea; viz., 80 deg. Cent., and like green tea higher tem- 
perature spoils the flavor and color. By refiring tannin 
and thein decrease more or less, probably the former 
being due to oxydation and the latter to volatilization. 
Solubility increases little when tea is not strongly heated, 
but when temperature is high total soluble substance and 
tannin decrease remarkably. Therefore in firing tea 


ered” antennm, each of which is covered with several 
thousand pits, each associated with a nerve fiber. The 
beautiful mechanism of the organs of locomotion were 
next surveyed, and the flies’ ability to walk upside 
down, and up smooth glass were attributed to the 
presence of a gummy secretion on two pads at the base 
of each foot. Consequent on this, any surface—such 
as the sides of a milk-bowl—covered with a greasy 
material offered no foothold. 

The “hairs” of their bodies point downward, and thus 
the leg-and-wing rubbing, which one sees continuously 
in progress, facilitates the dropping off of p:urticles of 
dust and parasites.—The Lnglish Mechanic, 
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SCIENTIFIC AMERICAN SUPPLEMENT 


The Whaling Station at Ulsan, Korea. A Transport is Ready to Carry Whale 
Flesh and Blubber to the Japanese Markets. 


Bringing in a Finback Whale at Ulsan, Korea. A “Whale Spade” is Being l'sed 


to Cut the Harpoon Rope. 


A Whaling Expedition in Korea 
The California Gray Whale, Supposed by Many to be Extinct, Rediscovered in Korean Waters 
By Roy C. Andrewst 


Tue American Museum sent an expedition to Korea the success of 1910 it seemed to be of paramount im- 
in 1911 primarily to complete the study and collection portance to investigate the gray whale fishery. 


of the Japanese whales upon which work had been 
begun in 1910; secondarily to make a zodélogical and 
geographical exploration of the country lying between 
the Tumen and Yalu rivers along the northeastern 
Korean boundary. On the previous expedition skele- 
tons of all the large species except the humpback and 
California gray whales had been secured. It was espe- 
cially desirable to acquire specimens of the latter be- 
cause the “devilfish,” as it is often called, was believed 
by many naturalists to be extinct and no complete speci- 
men existed in any of the museums of Europe or America. 
Moreover, the California gray whale is of especial im- 
portance to systematists since it apparently represents 
an intermediate stage between the two great families 
of whalebone whales, the Balenopteride and the Bale- 
nide. 

lor many years this species was the object of a desul- 
tory pursuit by whalemen along the southern California 
coast where it appeared on its annual migrations, but 
its numbers decreased until it was no longer commer- 
cially profitable and the hunt was abandoned. This 
was in the early seventies; since then the gray whale 
has been lost to science. 

While in Japan in 1910, I heard reports from the 
Oriental Whaling Company that a whale called the 
devilfish constituted the basis of their fishery on the 
Korean shores during the months of December and 
January. I was tremendously interested in this for 
it seemed that possibly here was to be an opportunity 
of rediscovering the gray whale. At that time it was 
impossible to visit the Korean stations because it was 


already the middle of February when I arrived in Cutting up a California Gray Whale. The White Mark- 
Japan from a long cruise south of the equator, but after ings on the Head and Flipper Were Produced by 


* Reproduced from The American Museum Journal, 


Parasites, Chiefly Small Crustaceans Called “Whale 


+ Photographs by the author. Lice.” The Shape of the Flipper is Distinctive. 


A Very White Humpback Whale in a Position to Show Throat, Breast and 
Flippers. The Circular Markings on the Throat are Probably Caused by 
Barnacles, Masses of Which are Seen Adhering to the Folds and on the 
Edges of the Fins. 


The Oriental Whaling Company at once invited the 
Museum to continue the work of the preceding season 
and agreed to render all assistance in its power for 
accomplishing the desired work. The company had 
already presented to the Museum skeletons of six large 
whales and ten porpoises which had been taken during 
the year 1910. The courtesies of its stations and ships 
had been freely extended and every help rendered in 
securing for us specimens of the whales desired. It 
was, therefore, exceedingly liberal in the president and 
directors of the company to continue to give their sup- 
port and was indicative of the true scientific spirit with 
which the Japanese nation is inspired. 

When I arrived in the Orient at the beginning of 
1912, everything had been prepared for my reception. 
{ left Japan immediately upon one of the compztiy’s 
transports for the Korean station, situated in a beau- 
tiful bay at Ulsan, on the east coast forty miles north 
of Fusan. The next day I had my first view of the 
‘alifornia gray whale, for a splendid specimen was 
in by the steamship “Olga Maru.” I shill 
1ever forget the excitement with which I examined 
he extraordinary animal and studied the skeleton as 
‘t was stripped of flesh. The resemblance to a rizht 
whale, the typical representative of the Balenidie, is 
striking, and yet an examination of the bones shows 
many characters allying it to the fin whales of the 
Balenopteride. It was especially interesting to exam- 
ine the specimen with reference to the accounts of the 
species which have already been published, for all are 
meager and full of inaccuracies. Probably no while 
has more individual peculiarities than has this species: 
the shape of the head, of flippers and flukes, and in fact 
the entire body is quite unlike that of any other large 
cetacean. 

Its habits too are distinctly individual. About the 
middle of December the animals begin to appear on 


Humpback Whale (Right Fin and Breast in View). This specimen was secured 
for the Museum on the Korean Expedition. It Measured 48 feet 8 inches in 
Length. The Fins in This Species are Nearly One Quarter of the Length 
of the Entire Body. 
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SCIENTIFIC AMERICAN SUPPLEMENT 


the coast of central Korea, following the shore line 
dosely on their migration to the islands of the south. 
First come a few straggling males, then the main body 
of females, and later males alone bringing up the rear. 
Almost all of the females are carrying young, soon to 
be born, and they head for the quiet waters among the 
many islands of south Korea where the birth takes 
place. In April the young are large enough to travel 
northward and accompany their parents on the long 
trip to the Okhotsk Sea and the icebound shores of 
the Arctic. 

While the ship is following a devilfish the animal will 
wmetimes come to the surface very slowly and quietly, 
put just the nostrils above the water and blow so softly 
that no column of vapor is formed. It will then sink 
noiselessly without having shown more than eighteen 
or twenty inches of its body above the surface. It will 
also swim along the shore, often actually rolling in 
the surf, so close that the ship cannot follow; it will 
even slide in behind rocks and try to hide, until the 
men on the vessel have become tired of waiting and 
leave. Gray whales live in perpetual terror of the 
killer whale, which seems to single out this species espe- 
dally for attacks. When a herd of killer whales sur- 
round a devilfish, the latter will often turn upon its 
back, the fins extended, and lie quietly at the surface, 
seemingly paralyzed by fear. The killers force open the 
mouth and at times eat almost the entire tongue before 
the gray whale escapes; or the animal may even be 
killed, and completely devoured. 


Killer Whales Wage a Continual Warfare Upon the Gray Whales. They Were 
Seen to Force Open the Mouths of the Living Gray Whales and Eat the 
Tongue, Sometimes Killing and Completely Devouring Their Prey. 


a Time Fuse. 


I had always been skeptical as to just how much 
truth lies in the story that the killers really try to eat 
the tongues of living whales; it has been recorded in 
almost every account relating to the Orcas, but I had 
always considered it extremely improbable. After wit- 
nessing it in the case of the California gray whales, 
however, my doubts entirely disappeared. 

One fine skeleton was taken for the Museum and a 


Throat of a Gray Whale, Showing the Two Character- 
istic Furrows. Right Whales Have no Throat 
Grooves and Fin Whales Have Many; the Gray 
Whale is Apparently an Intermediate Stage Be- 
tween the Two Families. 


The Harpoon Weighs 110 Pounds. Powder in the Hollow Point is Ignited by 
Forty Fathoms of Rope Give Slack to be Carried With 
the Harpoon in Its Flight. ; 


second, by arrangement, for the National Museum at 
Washington. Many photographs also were secured (the 
only ones in existence of this species), together with 
much alcoholic material, and three rolls of motion pic- 
ture films, besides notes and measurements of the thirty 
individuals which were taken during my stay at Ulsan. 

We wished to get also the skeleton of a humpback 
whale. Although humpbacks are common in many 
parts of the world, they have been so persistently 
hunted in Japan that they are now extremely rare. 
The humpback furnishes the most highly esteemed food 
of all the whales and in the Japanese markets the flesh 
of a single individual brings as much as 5,000 yen 
($2,500). 

February came and I had almost despaired of getting 
a humpback in Korea, for only one had been taken 
during the entire season. On the thirteenth of the 
month, however, three specimens were brought in and 
the skeleton of the largest was preserved, a male forty- 
eight and a half feet long; the Museum is fortunate 
in securing such a splendid representative of this aber- 
.ant species. As soon as the bones had been cleaned 
and crated, I chartered a schooner and sent the whale 
3keltons to Shimonoseki for trans-shipment to New 
York. 

This material makes the Museum's collection of large 
cetaceans the most complete in the world. It lacks 
only the great “bowhead” of the Arctic, and it is to be 
hoped that funds to secure a skeleton of this extraordi- 
nary mammal will soon be forthcoming. 


Locomotives as Fire Engines 


Over Six Hundred in Service on the Lines of One Company 


SreAM railway locomotives as fire fighters have 
proved so efficacious on the Pennsylvania Railroad that 
that company has equipped 612 engines with special 
apparatus for use in case of fire. 

The special fire-fighting apparatus consists of pumps 
and hose attached to switching engines regularly used 
in switching cars. The crews of these engines are 
systematically trained as fire fighters to put out 
promptly any fires that might occur in the hundreds of 
cars out of reach of city fire departments. 

The standard equipment for each locomotive con- 
sists of 150 feet of 2%-inch unlined linen hose and a 
lj-inch cast-iron nozzle with a %-inch discharge open- 
ing, kept in a box under the running board of the 
tigine, the hose being coiled in separate sections. With 
this equipment engines are enabled to throw a stream 
of water 70 feet. 

The yards are divided into districts, numbered as are 


fire alarm boxes in cities. When a fire is discovered, 
the nearest switch tower is notified and alarm whistles 
are blown throughout the yard limits. By a code of 
signals, engineers of locomotives within the yard can 
tell from the whistles just where the fire is. 

Each engine is uncoupled from its draft of cars as 
soon as the latter can be placed where they will not 
obstruct main tracks. Yard masters and train directors 
give necessary orders to provide .a clear track to the 
scene of the fire. Almost before the locomotives are 
uncoupled, signals are set indicating the routes by 
which to reach the fire, and by the time they arrive, 
their crews have pumps unlimbered ready to work and 
hose ready to unreel. In the fire organization the 
assistant yard master acts as chief, and gives general 
directions both in fire fighting and in drills. The con- 
ductor of each train crew acts as foreman of that crew, 
the flagman looks after unreeling and connecting the 


hose, and the two brakemen act as nozzlemen and 
direct the stream. 

At a fire which occurred near the gas tank under a 
passenger car, the first engine was coupled up ready to 
act within two minutes after the alarm was sounded, 
while within seven minutes nine engines were on hand. 

The locomotives equipped for fire-fighting service are 
divided as follows on the lines east of Pittsburgh and 
Erie. New Jersey Division, 216; Eastern Pennsylvania 
Division, 110; Western Pennsylvania Division, 131; 
Northern Division, 17; Erie Division and Northern Cen- 
tral Railway, 35; Philadelphia, Baltimore and Wash- 
ington Railroad, 30. and Philadelphia Terminal Di- 
vision, 73. 

Indicative of the effectiveness of locomotives as fire 
engines is the fact that in the past four years 153 fires 
on Pennsylvania Railroad property have been ex- 
tinguished by them. 


In the Past Four Years Such 


Locomotives as 


These Have Put Out 153 Fires. 
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Determining the Mean Length of Life’ 


A Method Applicable to Living Population and to Commodities Having a Limited Period of Usefulness 


In determining the cost of farm operations one of the 
most difficult items to determine accurately is the rate 
of depreciation of farm equipment. Recently Mr. H. H. 
Mowry, of the Office of Farm Management, who has col- 
lected extensive data on the problem of depreciation of 
farm equipment, suggested to the writer the possibility 
of determining the average length of life of farm imple- 
ments from data relating to the number of years, each 
implement has been used. Apparently a solution for 
this problem has been found. The solution applies to 
all objects, either animate or inanimate, lasting for vary- 
ing lengths of time. 

Two cases are to be considered, namely, (1) when the 
number of the objects under consideration is approxi- 
mately constant from year to year, and (2) when their 
number is increasing or decreasing. The first case may 
be conveniently considered in its application to farm 
dwellings. Suppose that on a given group of farms there 
is a definite number of farm dwellings of various ages, 
and that as fast as old dwellings become unsuited to their. 
purpose they are replaced by new ones. For convenience 
of reference let us reduce the numbers with which we 
have to deal to symbols. Let N, represent the number of 
dwellings in their first year of life, N: the number in their 
second year, NV; the number in their third year, and so on, 
Nn representing the number of dwellings of the oldest 
age represented in the group. 

In any group of objects which lasts for varying lengths 
of time but in which the number of objects is kept con- 
stant by replacing discarded ones by new ones the follow- 
ing principles apply: 

1. The number of old objects discarded each year is, 
on the average, equal to the number of new ones intro- 
duced. 

2. The average number of objects in the second year of 
their life at a given time is equal to the average number 
of those in their first year that will live to enter their sec- 
ond year. The average number in their third year is on 
the average equal to the number of those in their first 
year that will live to enter their third year, and so on. 
In general, the number of objects in their nth year is 
equal to the number of those in their first year that will 
live to enter their nth year. 

3. Hence N2, N3, ete., which represent the number of 
objects now in their second, third, ete., years of life, may 
also be taken to represent the number oi the objects now 
in their first year that will ultimately reach their second, 
third, ete., years of life. 

4. If now we add together NV, Ne, Ns, ete., this is equi- 
valent to counting each object now in its first year as 
many times as it will live vears. Hence the sum of N;, N32, 
N;, etc., which represents the total number of objects of 
all ages, also represents the sum of the ages that will be 
attained by all the objects now in their first year. 

5. Therefore, if we divide the total number of objects 
of all ages in the group by the average number in their 
first year the quotient will be the average length of life 
that those now in their first year will live. But since the 
average number of objects in their first year is the same 
from year to year, this average is a general one and ap- 
plies to the whole population. We may thus express the 
average length of life of any constant population by 
means of the following formula: 

(A) 
i 

This formula may be expressed more simply by writing 
for the numerator simply the total population instead of 
the sum of individuals of different ages. We thus have 

P 
L= (B) 

In this formula L equals the average length of life, P 
the total population, and N; the average number in their 
first year of life at a given time. 

In applying either of the above formule to cases like 
those of farm houses and most kinds of farm implements 
the fact that very few such objects are discarded until 
they are at least four or five years old makes N;; No, Na, 
N, and N, approximately equal. That is, the number of 
objects one year old is about the same as the number two 
years old, or three years, etc., up to about five years, and 
sometimes even longer. In making a study of such 
objects with a view to determining the average length of 
their life it is usually possible to get quite accurately the 
number of objects in the group in each year of life up to 
five or six years of age, and where these numbers are 
about the same for each year their averages will represent 
quite accurately the average number of new objects 
introduced in a year, which is the same as the average 


By W. J. Spillman 


number of old ones discarded. Hence, in populations 
where the number of objects in each of the earlier years 
of life is approximately the same, the ‘average length of 
life in the population may be obtained by dividing the 
total number of objects by the average number in each 
of the early years of life. 

POPULATIONS THAT ARE DECREASING OR INCREASING. 

The principles stated above do not apply in a popula- 
tion that does not remain constant from year to year. 
It is not diffieult, however, to work out a formula based 
on formula (A) above that does apply to such popula- 
tions. ‘This may be done as follows: 

Suppose the rate of increase in population is 1 per cent 
a year. Then if P represents the population in any one 
year, 1.01P will represent the population the next year. 
Likewise, if B represents the number of births in any 
year, then 1.01B will represent the number the next year. 
In general, if B represents the number of births in any 
year and r the annual rate of increase in population, 
then (1+r)B will represent the number of births the 
first year thereafter, (1+r)*B the number of births the 
second year thereafter, and (1+r)"B the number of 
births the nth year thereafter. 

Returning now to formula (A), where N, represents 
the number of individuals in the first year of life, N; the 
number in their second year, and so on, we have already 
seen that in a constant population these numbers bear 
such relation to each other that N; represents the num- 
ber of the present N,’s that will live to enter their second 
year. But in an increasing population’ this is not the 
ease, for the number of individuals born™in the year in 
which the present N;’s were born was smaller than the 
number born in the year in which the present N,’s were 
born—that is, the number born last year is smaller than 
the number born this year. Hence, in an increasing 
population N2 is smaller than the number of N,’s that 
will live to enter their second year. But if we increase N2 
in proportion as the number born this year is greater 
than the number born last year, this increased value of 
Nz will represent the number of the present N,’s that 
will live to enter their second year. 

If we let B stand for the number born in the year in 
which the present N,’s were born, then (1+r)B will 
represent the number born the year the present N;,’s 
were born, which of course is just one year later. The 
increased value of N2, for which we are seeking, may now 
be found from the proportion 

B:(1+r)B:: Ne: X, 
from which 
X=(1+r)N2. 

In similar manner it can be shown that if we substitute 
for N; the expression (1+-r)*N ; this new value will repre- 
sent the number of present N,’s that will live to enter 
their third year, and so on for all of the various N’s in 
the numerator of formula (A). This gives us 


a+... 
L= N, (C) 


In this new formula the terms of the numerator repre- 
sent, respectively, the number of the present N,’s that 
will live to enter the various years of life indicated by 
the subscripts after the N’s. Hence the sum of the terms 
of the numerator is equal to the sum of the ages the 
present N,’s will reach at death, and the value of the 
whole fraction becomes the average length of life ot the 
population. 

To use formula (C), which applies to populations that 
are increasing or decreasing at a constant rate, r, we 
must know the number of individuals in each of the vari- 
ous years of life at the present time and the annual rate 
of increase or decrease in population. Such data are 
usually not available except in the cases of human beings 
in restricted areas where births and deaths are accurately 
recorded. In some cases, however, it may be possible to 
obtain data of this kind concerning a class of articles of 
farm equipment. When this is possible, the average 
length of life may be calculated where the number of 
objects is increasing or decreasing at a constant rate 
per year. 

[t will be noticed that when r is equal to zero, which it 
is in a constant population, formula (C) becomes iden- 
tical with formula (A). 

Formula (C) applies only to populations in which the 
rate of increase or decrease is the same from year to year. 
It is possible to develop another formula for the average 
length of life which is independent of the rate of increase 
and which therefor applies to any kind of population, 
no matter what the rate of increase or decrease, and 
whether this rate is the same from year to year or not. 

Let B; represent the number of individuals born the 


year the present N; individuals were born, and B, the 


number born the present year. Then the proportion - 


B;:B,::N3:X, in which X is equal to (B,/Bs)Ns, givesa 
value which if used instead of N; makes the third term of 
the numerator of formula (A) represent the number of 
the present N,’s who will live to enter their third year. 
The other terms of the numerator of formula (A) may he 
modified in similar manner, giving the formula 
Ni 

which is applicable to all populations for which we have 
the following data: the number of individuals born cach 
year since and including the year in which the oldest 
individuals now living were born, and the number of 
people of various ages now living. 

While formula (D) has very wide applicability, its use- 
fulness is greatly limited by the fact that it requires so 
large an amount of data which is usually difficult to 
obtain. 

Before applying any of these tormulz it is necessary to 
eliminate the effect of immigration and emigration. 
This means that only those individuals should be con- 
sidered whose whole life is to be spent as a part otf the 
population under consideration. In using any of the 
methods here presented in determining the average rate 
of depreciation of, say, a farm implement of a given kind, 
only those implements are to be counted that were 
bought new (not second hand) and which will presum- 
ably be replaced when destroyed or worn out by new 
ones. 

Note by the Editor of the ScrentTiric AMERICAN 

SUPPLEMENT. 

Formule of the kind developed here by Mr. Spill- 
man are calculated to prove very valuable to the pro- 
ducers and consumers of a great variety of commudi- 
ties. Their utility is in fact limited only by the diffi- 
culty which is likely to be experienced in obtaining 
the requisite data for substitution in such formule. 

This difficulty may be considerable in dealing with 
eases lying in the past, but will vanish in the future, 
if the need of the data is properly appreciated. 

It seems well worth while to go a step further tlian 
Mr. Spillman has done, and to employ infinitesimal in 
place of the finite intervals (of one year each) which 
he introduces. In place of the numbers 
which appear in Mr. Spillman’s formule we must then 
introduce a coefficient of age-distribution c (@) which 
is defined as follows: Of the total population P, let the 
number whose ages lie between @ and a + da, be given 
by P c(a)da. With this notation it can readily be 
seen that Mr. Spillman’s formula (D) takes the form 


a By 
c(a)da 
Jo Bes 
L= (1) 
Be 
By 
or, since —— is the annual birth rate per head, which 
we may denote by De - 
t 
c(a)da 
(2) 
be 


In the special case in which the population incre:ses 
at a constant fractional rate r (geometric increase), we 
have 


By 
=e" (5) 
Bes 
Hence 
a 
L= 4) 
b 


The correctness of this formula may be checked by 
comparing it with the form developed for c(a) for a 
population increasing in geometric progression. This 
has been given by Lotka’ as follows: 

c(a)=b e™ p(a) (5) 
where p(a) is the probability, at birth, of reaching 
age a. 

If we substitute (5) in (4) we obtain 


a 
L= (6) 
Jo 


which is indeed the definition of the mean length of 
life. 


14m. Jl. Science, XXIV., 1907; p. 201; Science, XXVI. 
1907, p. 21; Phil. Mag., April, 1911, p. 435. 
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The Life of Machinery 


[The observations of a correspondent to the London 
Times reproduced here invite our special attention in 
view of the exceedingly fair-minded and unbiassed at- 
titude taken with regard to the typically English and 
4merican policy in machine construction.—Eptror. ] 

THERE are two limits to the useful life of any ma- 
chine or group of machines—the time during which it 
may be made to perform its work, whether or not the 
work is being done at a profit, and the time at which 
it is or may be superseded by some other machine or 
group of machines which will perform the same work 
at a price that will give the user a larger profit. The 
present articie will be confined almost entirely to the 
second limiting cause, for when any machine is unable 
to perform its work properly, its economic life, if not 
at an end, is within a measurable distance of it. 

AMERICAN INFLUENCE. 

During the last 30 or 40 years what is practically a 
revolution has taken place in the views of engineers 
and of users of machinery in regard to the economic 
life of machines. Forty years ago, totally op- 
posite ideas on the subject of the construction of 
macliines prevailed in the United Kingdom and in the 
United States of America. In the United Kingdom, 
the engineer and the manufacturer designed and con- 
structed machines in such a way that they would go 
om working continuously, with very small amounts 
spent on them, and with very short intervals for stop- 
pages for repairs, over a long period of years. Even 
at the present day, in certain districts, old machines 
may still be seen performing the work they have done 
for something like 30 years. In America, on the other 
hand, the idea of the designer, the manufacturer, and 
the inventor has been to construct a machine which 
would last for a few years, which would do its work 
fairly well during those few years, and which could 
be made for as small a sum as possible. The idea 
wderlying English practice was that it was cheapest 
to buy a very good machine and keep it running as long 
as it would stand up to its work. The idea underlying 
American practice was that the smallest amount pos- 
sible should be spent upon the machine, because with 
the rapid march of invention it was probable that in 
the course of a few years something better would be 
invented, and it would then not be wasteful to throw 
the old machine on one side and replace it by a new 
one. So far was this idea carried in the construction of 
American machines that in those which came over to 
this country a generation ago repairs were found to be 
practically impossible. Great skill was shown in cov- 
ering up what according to British standards would be 
considered bad workmanship, and in making the ma- 
chine, for a certain limited period, perform the work 
for which it was designed. Once, however, the machine 
showed signs of failing, all attempts at repair were 
found to be absolutely futile. 

The visits of English engineers to America and of 
American engineers to this country, and the constant 
interchange of ideas between the engineers practising 
on the two sides of the Atlantic, have had their natural 
result, and machines which are constructed in this 
country at the present day owe a great deal to Ameri- 
can ideas, while there are also indications that Ameri- 
can engineers have adopted a good many English ideas. 

CLOSENESS OF FITTING. 

Side by side with this revolution of ideas in regard 
to the construction of machines, another revolution has 
been going on, at least of equal importance. The con- 
struction of machines of all kinds of to-day is quite 
different from what it was 30 or even 20 years ago. 


Its Economic Limits 


The English mechanic who considered himself a good 
fitter thought that he had done remarkably well if he 
worked to 1/16 inch or 3/64 inch, but now fitting to 
1/1,000 inch, or still less has become quite common. 
As a condition of this enormous advance a revolution 
in machine tools has taken place. The hand tool has 
given place entirely to the machine tool, and hand 
working to power working. Further, engineers have 
studied more closely the conditions of the problems 
involved in the machines they were designing or con- 
structing, and this examination has often shown that 
large amounts of metal had previously been wasted. 
The rule in the old days was to give pienty of material, 
in order to make sure of a good job. Again, with the 
advance in the quality of the different classes of metal, 
with the improvement in the manufacture of steel, with 
the better steels that have been put upon the market, 
closer and closer working to theoretical figures has be- 
come possible, without trenching on the necessary mar- 
gin of safety. Thus machines have been lightened in 
nearly every respect, while they have been turned out in 
better form, and are able to do their work better than 
the older machines. 

In the United Kingdom the result of these factors 
has been the assimilation of a good many American 
ideas, leading to the construction of much more efficient 
machines than were dreamed of 30 years ago, and of 
machines which are able to perform work that at that 
period was thought to be possible only by hand labor. 
Thirty years ago the remark was frequently heard 
that such and such an operation demanded “the im- 
press of the human mind ;” to-day that remark is never 
heard, and there is abundant proof that machines have 
been able to imitate the impress of the human mind, 
and in many cases to improve upon it. 

CONDITIONS OF CHANGE. 

The changes noted above have led to the idea that 
the state of change is good. Engineers and managers 
of factories formerly considered that change was bad; 
now, though they dread change, they are constantly on 
the look-out for some new machine that will perform 
the work of the machines they are employing, in such 
a way as to provide a higher profit. It is possible that 
the idea of change has been carried too far. Change 
at the right time leads to increased profits and to the 
increased prosperity of the factory adopting it; but 
constant change, or change applied at the wrong time, 
must lead to financial disaster. It must be remembered 
that, notwithstanding the improvements that are so 
constantly taking place in machines designed to per- 
form every kind of industrial work, the ideal condition 
for the manufacturer is the continuous operation of 
every machine or group of machines from year’s end 
to year’s end. Every change he is obliged to make is 
an expense, and must lead to loss of profit, unless the 
change itself provides sufficient profit to make up for 
that loss. 

This consideration leads to the question, “When does 
it pay to change a machine or group of machines, to 
supercede those that are performing certain work by 
others?” The answer is supplied by a very simple 
economic law. It pays to change a machine or group 
of machines when the new machine or group of ma- 
chines will bring sufficient additiénal profit, during its 
useful life, to pay for the cost of the change, and 
something over. The smallest profit at which the 
change should be made is that which is sufficient to 
cover all costs of making the change. It may and does 
often happen that a manufacturer is obliged to make 
a change in the machines he is employing for certain 


work in order to meet the competition of other manu- 
facturers. Other firms may be turning out similar 
objects at a lower cost or in such a form that they 
command a higher price on the market. In certain 
classes of products, appearance counts for a good deal 
in the matter of price; and the fact that his rivals 
are turning out produce with an appearance which 
commands a higher price may oblige him to change 
his machinery. The keen stress of competition also 
may force him to take the same course in order that 
he may be able to produce at a lower cost, under the 
penalty of being driven off the market. In either case, 
the reduced cost of production, or the increased price 
obtainable, must be sufficient, during the useful life 
of the new machines, to pay the whole cost of the 
change. 
FACTORS TO BE CONSIDERED. 

The greatest difficulty is perhaps that of estimating 
the useful life of the new machine. It may have been 
working in the hands of a rival only a short time, not 
long enough to enable any one to prophesy, on the one 
hand, how long it will perform its work usefully, or 
on the other how soon it will be superseded by a ma- 
chine with further greater improvements. In attempt- 
ing the estimate, the second factor, the probable date 
of its supersession, must be left out of account. The 
time cannot be estimated, but when it does arrive the 
same economic law must be applied as when the ma- 
chine was installed. It is also diflicult to estimate its 
working life when it has been in use only a short time. 
The longer the change is deferred the more data will 
be available for forming a judgment. In such cases 
the consulting engineer who specializes in the particu- 
lar work in question should be of service. He should 
have observed not only this new machine, but also 
others of a somewhat similar kind, and he should have 
figures at his command which will enable him to form 
a fairly close estimate of its probable useful life. One 
rule may safely be given, that it is wise to allow a 
fairly large discount from the estimate. Machines 
vary considerably in their useful life in different hands, 
and it is sometimes startling to notice what great dif- 
ferences exist in the handling of them in certain fac- 
tories as compared with the handling of similar ones 
in other factories. 

On the other side of the account also great care 
must be taken that all the factors of expense are taken 
into consideration. Not only must the cost of the new 
machine be thought of, but also the cost of fixing it, 
and of the disturbance to the factory while it is being 
installed, and while the men who are to work it are | 
getting accustomed to it. No matter how perfect it 
may be, or how skilful its minder, a new machine is 
a new machine, and time will be required for it to 
settle to its work and for those who are looking after 
it to become used to its ways; and during that period 
produce is wasted, time is lost, and there may be 
waste of other sorts. 

In some cases also cost may be incurred in placing 
a new product upon the market. A maker who has 
been noted for making an article of a certain grade 
for a number of years has to spend a certain amount 
of money by advertising in various ways, often by giv- 
ing away some of the new products, before he can 
establish a trade in the new article produced by the 
new machine. This item must go down on the expense 
side of the account. On the other hand, the old 
machine itself may be worth something, at the worst 
as old metal, or possibly in the second-hand machinery 
market. 


Why Joy Conquers Wounds and Germs 

Tuose who regard emotions as merely an exhibition 
of weakness or foolishness are greatly mistaken. Ex- 
cellent medical authorities tell us that the emotions 
may help us through many terrible difficulties and 
even save our lives. 

Dr. Spitzka, the noted American surgeon, estimates 
that the mortality from wounds in battle is in the 
defeated army in proportion to that among the victors 
as four to three or even as three to two. The victors 
tecover from their wounds more frequently than the 
vanquished because the emotions of joy and hope rein- 
force their physical strength. 

Dr. Bonnette, a French army surgeon, writes in the 
Press Medicale on the physical intoxication of victory 
and the extent to which bodily pain can be vanquished 
by the sense of military triumph. Moreover, the vic- 
torious army is not only insensible to its wounds, 
but it defies disease in like measure; it is the beaten 
army that succumbs to pain and is the more ravaged 


by epidemics. For example, members of the Old Guard 
in the Napoleonic wars raised themselves on the bleed- 
ing stumps of their amputated legs to cheer the Em- 
peror; again, the great Larrey operated without ceas- 
ing for thirty-six hours on the wounded soldiers after 
the battle of Eylau, and emphasized the moral exalta- 
tion that raised his patients beyond the dominion of 
pain. 

“Here,” comments the New York Medical Record, 
“is indeed a consideration well worthy the practition- 
er’s attention-—the extent to which a reasonable psycho- 
therapy may be oftentimes marvelous and seemingly 
and specifically the extent to which such awakened 
emotions as hopefulness, courage, faith in the surgeon’s 
skill, reliance on the physician’s good prognosis will 
turn the scale in favor of the patient’s recovery. One 
recalls Meltzer’s demonstration of how rich is the 
animal organism in factors of safety and of rehabili- 
tation; when such emotions as those here noted can 
be brought to bear upon these factors results often- 


times marvelous and seemingly miraculous may be de- 
termined. Nor need one doubt, other things being 
equal, the accuracy of Bonnette’s statement that the 
victorious army is less prone to such camp infections 
as typhoid fever and dysentery. In every infectious 
disease two elements are essential; the presence of the 
specific germ and the predisposition.” 

A beaten army is a depressed army, and is by that 
fact predisposed to infection, while the soldiers of a 
victorious army become by reason of the stimulus of 
their victory a barren soil to harmful bacteria.—Mon- 
treal Pharmaceutical Journal. 


Hongkong Observatory, one of the best-known scien- 
tific institutions of the Far East, has received permission 
from King George V_ to prefix ‘“‘ Royal” to its designation, 
and will hereafter be known as the Royal Observatory, 
Hongkong. ' The newly appointed director of this ob- 
servatory is Mr. T. F. Claxton, who for many years was 
in charge of the Royal Alfred Observatory, Mauritius. 
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The Form of the Earth’ 


What Gave the Oceans and Continents Their Form and Distribution ? 


lv would seem to be rather pretentious to attempt the 
treating of such a subject as the shape of the earth in an 
article like this: and indeed it would be, if it pretended 
to be a full and technical discussion; but there are cer- 
tain simple and fundamental principles which we can 
easily study, and to these we shall confine ourselves. 

We are familiar with the general terms in which we 
describe the earth as a flattened spheroid, the probable 
warping of the ocean surfaces from the perfect spheroid, 
the sunken ocean-basins, and the uplifted continental 
masses; but the relation of the ocean-basins and the 
continental masses to each other and their arrangement 
relative to the earth’s axis of rotation, and the law gov- 
erning the general trend of the mountain ranges, or, as 
they have been well called, ‘““‘World-ridges,” which ex- 
tend across both the ocean-basins and the continental 
masses, we are not so familiar with, and they may well 
repay our further study, 

We will first consider the relations between the ocean- 
basins and the continental masses. If we turn to the 
accompanying map, it shows us at once that the most 
striking and obvious relation is that the ocean-basins and 
the continents lie opposite each other on the globe. 

We see that North America is directly opposite the 
Indian Ocean; Africa, Europe, and the by far larger part 
of Asia lies opposite the South Pacific, the Antarctic, and 
South Atlantic Oceans; that Australia is opposite the 
North Atlantic; and that the continental mass around 
the south pole is opposite the North Polar ocean; and 
that Greenland is opposite the Antarctic Ocean. The 
only exception being that perhaps less than a third of 
South America is opposite a corresponding area of South- 
eastern Asia—a very small exception considering its 
area relative to all continental masses. And, as every one 
knows, the Northern is the land hemisphere, and the 
Southern the water hemisphere. 

When all these facts are considered, it is impossible to 
think all this a mere chance arrangement; and we are 
compelled to conclude that the sinking of the ocean- 
basins and the rising of the continental masses on the 
opposite side of the globe are related to each other as 
cause and effect; the sinking of heavier masses underlying 
the ocean beds causing the rising of the continents on 
the opposite side by the corresponding change of the 


By William Thayer Jordan 


sinking masses. And the sinking of all the ocean-basins 
and the rising of all the continental masses go on at the 
same time (are still in progress); for from the very earliest 
geological ages there is little or no evidence that the 
ocean beds and continental areas have ever been funda- 
mentally changed; thus showing the continuous action 
of the same cosmic torces. Some geologists consider the 
ocean deeps as the oldest and stablest element of the 
whole terrestrial surface. 

This sinking of the ocean beds and a corresponding 
rising of the continents would continue until they bal- 
anced each other; and then would come a period of com- 
parative rest, with the slow wearing down of the conti- 


Map of the World—Dotted Lines Showing Opposite 
Side of the Globe. 


nents by erosion, and with this a corresponding accumu- 
lation of the eroded material upon the continental 
shelves which border all the continents and lie beyond the 
shore line. Added to this, often great deposits of car- 
bonate of lime accumulate upon the continental shelf 
and at the bottom of shallow seas. But with this chang- 
ing of material from continents to ocean beds there would 
arise a slowly accumulating push and stress from the 
ever growing heavier mass transferred to the ocean- 
basins and the ever lessening weight of the continents 
until, when the difference in weight had become great 
enough, the force of gravity would overcome the resist- 


ance of the vast masses involved, and then there would 
begin another sinking of the ocean-basins and corre 
sponding rising of the continental masses, continuing until 
these masses and forces had again adjusted themselves, 
And this stress and movement would probably give rise 
to a period of voleanic activity to be followed by a period 
of decline and of comparative repose. Thus would arise 
those world-wide periodic movements, recurring at long 
intervals, that seem to have marked the passing of the 
great geologic eras. Of course, this would not exclude 
faster or slower movements at other times, or varied inde- 
pendent movements as the rising or falling, wrinkling and 
folding of the separate continental masses or smaller sec- 
tions of continents or ocean beds from other causes, as the 
contraction and resulting thrust of their crust; for after 
being once uppushed each continent would act in many 
ways as a unit by itself; as is suggested by many twist- 
ings in some of the mountain ranges. 

We have referred to the effect of the contraction of the 
crust; but mathematical physicists have calculated the 
possible uplift that could be produced by any probable 
rates of contraction, and have declared them too small to 
account for the existing elevation of the land. 

As a whole the ocean-basin would be steadily growing 
deeper; but the continental areas would be constantly 
worn down by erosion. Relatively the ocean basins have 
now sunk about one mile and the continental areas have 
been raised about two miles. 

These periodic movements of the continental masses 
would by the change of altitude, the relative position of 
land, sea and mountain ranges greatly modify the 
climate; and thus at such times occasion rapid changes 
of the flora and fauna; and by thus effecting great 
changes in environment be a large factor in producing 
for the time a markedly rapid evolution of new forms. 

We would especially call attention to this periodic 
elevation of the continental masses as the probable ex- 
planation of the so-called Ice Ages, or glacial epochs. 
Everywhere, as our mountain ranges show, any great 
elevation of any considerable land mass results in an 
increased precipitation of moisture; and if the elevation 
is high enough, this precipitation is in the form of snow. 
And if of still greater altitude, the snow will fall faster 
than it will melt, and in time accumulate until it begins 
to slowly flow down the natural inclines, thus forming 
glaciers. The territory covered by these glaciers de- 


Bathymetrical Chart of the Oceans—Dotted Lines Showing Great Circles Tangent to the Polar Circle. 
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pends, of course, in the main on the size of the uplifted 
area, some being small as in the Alps; but others large, 
as in Greenland or in the region around the South Pole. 

It is not easy to realize how small the uplift would have 
to be in proportion to the diameter of the earth to raise 
the continental masses above the snow line, even at the 
equator; and, of course, growing ever less as the poles 
are approached. And, too, the larger the area thus ele- 
vated, the less the rise would have to be to cover it with 
glaciers. The existence to-day of ancient river valleys 
and channels along the Atlantic shore line, such as that 
of the Hudson, that extend far out under the sea, are evi- 
dence of a past elevation of the east coast, perhaps suffi- 
cient, if large portions of the interior were correspond- 
ingly raised, to produce the glaciers of an Ice Age over a 
large portion of the continent. And perhaps the eleva- 
tion of the region from which the glaciers flowed was at 
that time much more considerable. That such great 
changes of elevation have occurred repeatedly in the past 
ages is one of the commonplaces of geology. 


Map Showing Points of Tangency of Some of the More 
Important Coast Lines to the North Polar Circle. 


We used to talk of an Ice Age, and then of Ice Ages, 
that covered vast areas, and we tried to explain them by 
changes in the eccentricity of the Earth’s orbit, com- 
bined with the progression of the place of the winter 
solstice, causing long winters and short summers for one 
hemisphere, and then the other. 

Others tried to explain the existence of glaciers over 
regions now possessing a warm climate by a supposed 
movement of the poles; but we have no evidence that 
the poles have ever varied more than a few feet from 
where they now are. And we shall see later how the 
arrangement of the shore lines and mountain ranges 
shows that the earth’s axis has remained unchanged 
through all the geologic ages. 

If the reader will consult any map showing the direc- 
tion of the flow of the great world glacial masses it will 
make plain two things. The first is that the ice moved in 
every direction, north as well a south from the elevated 


Photograph of Relief Globe. 


regions, wherever situated; and second that northern 
Siberia, the coldest region in the world, never was glaci- 
ated, as far as any present knowledge goes. 

And so we are led to conclude that however long the 
time and large the area covered by the glaciers, they were 
eaused by an elevation of the ice covered area, and that 
they were the result of the periodic movements of the 
continental masses. Geology, and not astronomy, fur- 
nishes the explanation of the glacial epochs. 

We will now consider the arrangement of the ocean- 
basins and their resultant continental masses relative to 
each other and to the earth’s axis of rotation. A study of 
the accompanying bathymetrical chart will show us that 
this arrangement is not a thing of chance; and that the 
lines that mark the continental edges, as a rule, approxi- 


mate a well defined law relative to the axis of revolution. | 


And with these we must consider another marked world 
characteristic, and that is the general trend of the world- 
ridges, or mountain ranges. It was long ago pointed out 
by Dana that the greatest mountain ranges stand oppo- 
site the greatest ocean beds and along the borders of the 


continents. It would necessarily seem that bétween the 
main continental masses and the neighboring sinking 
ocean-basins there would be a region of great stress, and 
here we find the crust folded into gigantic wrinkles form- 
ing these mountain ranges. But beside these coastal 


ranges we have other wrinkles, or ranges, far from the 
shore, some crossing the continents, and some the ocean- 
basins. And we need to remember that wrinkles or waves 
mean and include depressions as well as crests. 

A study of the chart, observing that the dotted lines 
are the projections of great-circles tangent to the Polar 
Circles, will show us that the shore lines of the continents, 
the continental shelf, and the concavities that lie beyond 
them, and the great world-ridges and valleys, whether 
continental or submarine, all follow approximately the 
same law, and that is: 

The Great Shore Lines and the Great World-ridges and 
hollows are nearly All approximately along great circles 
tangent to the Polar Circles. 

This law, according to Dana, was discovered as long 
ago as 1857 by Prof. R. Owen of Indiana, seems to have 
been generally forgotten by later writers, but was dis- 
covered independently by the present, writer; and it 
was with no little labor that he found that Prof. R. Owen 
had previously made the same discovery. But no one as 
yet seems to have attempted to find the causes that lie 
behind this law. This we shall endeavor to do in this 
paper. 

Now this law is so clearly evident as to leave no doubt 
as to its being due to some general cause or causes, and 
7 following is an attempt to find what the causes may 

To show the well nigh universality of this law we will 
call attention to some of the more marked cases; and 
many minor ones can be quickly seen by a brief study of 
the chart. 

Beginning at the left, we see that the eastern shore of 
Asia from the lower point of the Malay Peninsula to the 
terminal of East Cape in Bering Strait is approximately 
along the line of a great circle, tangent to the Arctic 
Circle at about 160 degrees west longitude. So also are 
the shore lines of Kamchatka and all the long line of 
islands that stretch from Cape Lopatka off the eastern 
shore of Asia to the western end of Borneo. This great 
circle being, of course, tangent to the Polar Circle at a 
point farther east than the one first mentioned. A part 
of the eastern shore of Australia follows a tangential 
circle. And nearly all the edge of its eastern continental 
shelf. And very markedly the eastern and western shores 
of New Zealand and the line of islands and ocean-deeps 
that lie to the north follow yet another such circle. And 
let us note, for we shall have occasion later to refer to it, 
that the line that approximates the south-west coast of 
the Malay peninsula and the west coast of Australia is 
tangent to the Antarctic Circle at about 180 degrees. 

Before passing eastward let us observe that many, 
just as marked, but shorter, shoré, mountain and island 
lines in Oceanica follow the curve of opposite tangential 
great-circles. 

But moving easterly we find that the American shores 
with their accompanying mountain ranges closely ap- 
proximate great circles tangent to the Arctic Circles at 
about the same longitude as those which mark the east- 
ern coasts of Asia. In fact they are approximately the 
same circles. And this holds true of the shore lines until 
we reach about the 20 degrees of south latitude on the 
South American coast; but from there south to the 
Strait of Magellan we have one of the few exceptions to 


NP. 


Section Showing the Relation Between the Areas of 
Depression and the Elevated Areas. The Shaded 
Portions Indicate the Supposed Heavier Masses 
Underlying the Ocean Deeps. 


this law, as it also is of the first mentioned law, that the 
continental masses lie opposite the ocean-basins. 

Returning to North America we have the northern 
shores of Hudson Bay and the Labrador coast approxi- 
mately all on the same tangent; and the southern shore 
of Hudson Bay following another tangent. 

Coming to the eastern coast, we find that this, too, fol- 
lows a tangent, but one curving the same way as the east- 
ern Asiatic coast. This world-ridge is of peculiar inter- 
est, tangent to the Polar Circle at about 0 degree longi- 
tude, one of the most important of tangential points of 
great-circles determining the great world-ridges, and to 
be more fully noted later. It passes through Iceland, the 
southern point of Greenland, the strait of Belle Isle, 
crosses the Gulf of St. Lawrence; and following the At- 
lantic shore line is shown in the Appalachian ranges, the 
coast line, and the continental shelf. (The Florida Penin- 
sula following tangent lines parallel to the Pacific coast.) 
Continuing south this great world-ridge again shows 
itself in the mountain ranges and shore lines of Yucatan, 


Map Showing Points of Tangency of Some of the More 
Important Coast Lines to the South Polar Circle. 


and the Mosquito Coast, and then crossing to the Pacific 
reveals itself in the long sub-marine ridge shown on the 
chart, and which rises above the sea level in the Gala- 
pagos, Sala-y-Gomez and Easter Islands. The north- 
western coast of South America from Cape Gallinas in 
the Carribean Sea south-westerly to Cape Blanco in the 
Pacific is also along such tangential lines, but farther to 
the east. 

Passing the many minor, but yet interesting lines, we 
come to another of the great world-ridges, one that is tan- 
gent to the north Polar Circle at about 50 degrees east 
longtitude and follows the trend of the south shores of 
the Baltic and North Sea, the Atlantic coast of Europe, 
northern Africa, and the east coast of South America 
from Cape St. Roque to the extreme end of the continent. 

We here again will briefly note some of the shorter 
ridges and depressions that follow tangential lines, as the 
general trend of the east coast of the British Islands, the 
Mediterranean coast of Spain from Cape De Gata to 
Cape Creau, the coasts of Italy and the Apennine range, 


Map Showing Important Coast Lines. 


the Adriatic Sea; which latter line produced is approxi- 
mately the tangential line, determining the depression 
of the Red Sea with its bordering shores and mountain 
ranges and parts of the easterly coast of Africa. Beside 
these there are many other lines which the chart plainly 
shows. 

The next great tangential world-ridge, as we pass 
easterly, is very interesting in that it determines the 
eastern shore of Africa and its coastal ranges, the north- 
western shore of the Arabian Sea; and yet farther north 
develops into great mountain ranges, and becoming as 
it meets the Himalayas, the “Roof of the World,” and 
still farther north the Thain and Altai ranges, and at 
last finally dying out in northern Siberia as it approaches 
the Arctic Circle. The accompanying picture from a 
relief globe shows this interesting world-ridge as no words 
or chart can. And if the reader has a globe so mounted 
that it can be set with a great-circle tangent to the Polar 
Circles, then as it is revolved the approximation of the 
great coast lines, mountain ranges and ajlied phenomena 
to the tangent circles will be still more strikingly seen. 
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We would also call attention to the shore lines and 
coastal ranges of India, which, as the chart shows, are 
determined by opposite tangential lines intersecting near 
its southern extremity. The shore lines of Burmah, the 
shore lines and coastal ranges of Siam, the Malay Penin- 
sula, the Island of Sumatra, and the western shores and 
mountain ranges of Australia are all on the same tangen- 
tial world-ridges. And here it were well to note that 
those lines are approximately tangent to the North Arctic 
Circle near 0 degrees, and of course to the South Polar at 
about 180 degrees, important tangential points to be 
more fully considered later. 

Returning to the great world-ridges, let us consider 
once more the tangential ridge that determines the east- 
ern coast of Asia to further note that it seems to deter- 
mine the course of the great submarine ridge, shown on 
the chart, from which rise the Amsterdam, St. Paul, 
Kerguelen, and Macdonald Islands; and then, yet far- 
ther south after leaving this ridge it follows the edge of 
the great Ross deep until this tangent touches the South 
Polar Circle approximately at 0 degree, another of the 
important tangential points. 

Some of the depressions are well worth noticing as 
conforming to the same law, as Lake Baikal, the trend of 
the Yukon River from the Polar Circle to the sea, Great 
Slave Lake, and the Fish River. 

It was long ago pointed out that most volcanoes lie 
along the coast lines; but it is also true that they are 
largely along great tangent lines whether coast lines or ro, 
as the long line of island voleanoes of the Pacific, the 
Antilles, and the mid-continental extinet or slumbering 
voleanoes of the Rocky Mountains in America, And 
perhaps it were well here to note that the most active 
voleanic regions of the world are approximately where 
great tangential world-ridge circles intersect, as the Mexi- 
ean, Carribean, Java-Philippian, and Mexican-West 
Indian; and that they are approximately opposite each 
other at the intersection of the great world-ridge tangents. 

We will now inquire more fully for the causes and pro- 
cesses which brought about this arrangement of the 
earth’s surface which we have been noting; and we shall 
find them to be surprisingly simple in their general terms; 
but as in all realms, infinitely complex in ultimate details. 

To account for the relation of the seas and the conti- 
nental areas, the world-ridges and deeps, and the law of 
their arrangement relative to each other and to the earth’s 
axis of revolution, which we have above observed, we 
need but to premise the following, namely, that the earth 
is a cooling mass of heterogeneous materials of varying 
densities, the force we call gravitation, and the centri- 
fugal foree caused by the earth's revolution. 

Now if the earth be a heterogeneous mass of varying 
densities, then the heaviest materials would, of course, 
under the gravitational force find their way to the cen- 
ter; and the lighter materials be arranged in order of 
weight from center to surface. But while this would be 
the ultimate arrangement where all the particles were 
tree to arrange themselves according to their density, it 
would not be the ease, or would be but slowly approached 
where a heterogeneous mass was thrown together, as is 
now claimed to be the case by the latest theories of the 
origin of the earth. 

We shall need to go back to the later modification of 
the nebular hypothesis, the planetesimal hypothesis, for 
our starting point. This hypothesis requires that the 
nebular material shall be composed of not only gases but 
also of solid masses from the size of perhaps some of the 
asteroids down through the meteorites, to cosmic dust 
and gas molecules; and these solid masses to be of vary- 
ing degrees of density and of specific gravity. We find 
this great variety in the meteorites, as some are stone, 
and others iron and nickel. The ratio of the specific 
gravities of the stone to those of the metallic meteorites 
is about three to seven or eight. 

Now if our earth was formed from the gathering 
together of such scattered bodies of such greatly varying 
material about the largest member of that part of the 
nebula which was ultimately to constitute the earth, we 
would have at hand the mass of heterogeneous material 
of varying densities which we need to explain the present 
form of the ocean basins and continental areas and the 
trend of the great world-ridges. For all we need is to 
suppose that toward the close of the ingathering some of 
the heavier masses so fell upon the growing planet that 
their arrangement relative to the surface correspond 
roughly to the deeper portions of the ocean-basins of 
to-day; so that “Deeps” or anti-plateaus are where the 
heaviest of the latter infalls took place. 

It has been long known that the center of gravity of the 
earth is not the center of the figure of the globe; but lies 
south of it, in the hemisphere of the larger oeean-basins, 
And must have been so from the earliest ages; for it is 
impossible to conceive of any large rearrangement of the 
earth’s interior subsequent to the final infalls whatever 
their source. 

It was long ago pointed out that there must be, “Some 
excess of matter in the solid part of the earth between the 
ocean-basins and the earth’s center.”” The deflection of 
the plumb-line toward the sea in many cases shows that 


the density of crust beneath the continents is less than 
that of the crust beneath the ocean-basins. As is the case 
of the great Indian survey which shows that, “The great 
accumulated masses of mountain chains correspond to 
subterranean mass diminution.” In other words, the 
crust here is lighter. 

Supposing our spheroid to be thus composed, and to 
be acted upon by the cosmic forces, gravity, and the 
centrifugal force; or, expressed more fully, the self 
gravity of the earth, the combined action of the gravita- 
tional forces of the sun and moon, and the centrifugal 
torece, the result would be body-tides ‘in the earth com- 
mensurate with these forces. 

Returning to the relation of the oceans to the opposite 
lying continents which we have already discussed, we 
saw that under the action of the earth’s gravity the 
heaviest bodies composing the crust would sink, and 
ultimately reach great depths, thus causing the deeps, 
or antiplateaus, of the ocean-basins; and also that vastly 
larger areas of lighter, yet relatively heavy material, 
would sink with them to lesser depths. These in the 
main would constitute the ocean beds; and at the same 
time, as a result of this movement of the heavier masses 
changing proportionally the center of gravity, and also 
by the push and pressure, the opposite portions where 
the crust was not too heavy would be pushed up, thus 
forming the continental areas. As the heavier areas 
sank, the inflow of water added its weight to the sinking 
mass; and to a proportional degree relieved the pressure 
upon the stationary or rising areas from which it flowed. 
Thus the water flowing into these depressions increased 
the effects due to the primal differences in specific gravity 
of certain portions of the crust. The first differences 
may not have been so very great; but once started, this 
self-inereasing character of these processes may from 
small beginnings have developed the ocean-basins and 
continental masses. The ‘“‘deeps” in the ocean-basiris of 
to-day may be the original areas of depression, and thus 
the ocean-basins and the resultant continental masses 
would be formed, at the same time. 

Here we have an explanation of the fact that the con- 
tinental masses and the ocean-basins lie opposite each 
other; which was the first marked characteristic of the 
earth's surface that we noted. 

Now, further, let us consider that this world-wide and 
simultaneous movement of the earth’s crust would give 
rise to vast and irregular areas between the sinking ocean- 
basins and the rising continents, where the crust would 
be subject to the pull of the sinking masses and the tug 
of the up-pushed continents; and, too, the whole crust, 
whether rising or sinking, would be subject to the strain 
resulting from the pull of gravity adjusting it to the inter- 
ior, as the earth’s whole mass contracted from its con- 
stant loss of heat. And here comes into play the great 
determining factor as to the general arrangement of these 
lines and areas of stress which are to form the shore lines 
of the nascent ocean-basins and continents, and direct 
the general trend of the great world-ridges. This determi- 
nant is the body-tide resulting from the combined gravi- 
tational effect of the earth, the sun, and the moon, and the 
earth’s centrifugal force; the body-tides which in two 
great waves daily sweep around the earth; and have done 
so from the very earliest geologic ages. 

If, as is generally supposed, in these earlier ages the 
crust was more plastic than now, by so much the more, 
must these body-tides have been greater and more effect- 
ive than at present. And if, as it is estimated that at 
the present time, the maximum body-tides at the equator 
amount to nineteen and a half inches, how much greater 
must they have been in the earlier eons! 

Now, if from any cause a cooling and contracting body 
were thrown into a regular and continuous series of 
waves, the resulting folding and wrinkling would of 
necessity follow a course largely determined by these 
waves. To repeat, it is evident that as the earth shrinks 
from cooling, its crust by so much becomes too large to 
fit the reduced spheroid; and under the stress of gravity 
it is constantly held close to the shrinking interior and 
becomes folded and wrinkled, pushed up into great 
ridges or mountain ranges with corresponding concavi- 
ties. All this goes on at the same time with the sink- 
ing of the ocean-basins and the rising of the conti- 
nents. Across and through all the earth, while it is under 
the stress and pull of these forces, plays the unceasing 
influence of the masses of the sun and moon; showing 
itself, as we have seen, in the body-tides, greater, and we 
need remember all the more effective in the earlier ages, 
if the crust were more plastic. . 

At mid-summer and mid-winter these body-tides are 
earth-waves whose crests are great circles passing 
through the poles; and as the earth moves forward in its 
orbit these wave-crests swing until at the equinoxes, at 
new and full moon, they form great circles tangent to the 
polar circles. These tangent circles mark the maximum 
divergence of these wave-crests and body-tides of the 
earth from the lines of longitude. The regular, twice 
daily, pull and stress caused by these body-tides, begin- 
ning with the birth of the earth; and then twice yearly 
through all the long geologic eons, coming to the invari- 


able limit, seems to be the sufficient cause determining 
the almost universal approximation of the continental 
shore lines and mountain ranges and allied phenomena to 
lines tangent to the Polar Circles. In a certain way we 
might almost call these mountain ranges and shore lines 
petrified tidal waves. : 

As a perkaps minor matter, yet corroborating the 
above conclusion, let us note that, of course, the force of 
these body-tides diminish as the poles are approached, 
and hence we find, as we might expect, that all signs of 
their influence usually disappear near the Polar Circles; 
that the coast lines, with the exception of Greenland, are 
all approximately parallel to lines of latitude; and that 
the mountains and islands appear to be more in groups 
than in ranges; and that at the south pole there is a 
range of mountains, that suggests a continuation of a 
South American coast line, running, according to the 
reports of Capt. Amundsen, from the coast to the poles 
itself. 

Perhaps it may be as well here to call attention more 
fully to the predominating great circles, tangent to the 
Arctie Circles at approximately 0 degree and 180 degrees 
longitude, the great circles which determine, as before 
pointed out, the coast lines, mountain ranges, and sub- 
marine ridges and hollows of North and South America, 
eastern Asia, the Malay Peninsula, and connected sub- 
marine ridges. The importance of these great lines can 
be best appreciated by following them as approximately 
marked by the dot and dash lines on the chart. The 
question at once arises as to the cause that determines 
these tangent points. This would appear to be the in- 
fiuence of the deeps and great ocean-basins upon the 
body-tides. And this can best be shown by turning again 
to the chart. The Pacific Ocean bed is estimated to be 
as large as that of all the other oceans taken together; 
and further we will see that as a whole this basin and its 
deeps are approximately symmetrical to a line of longi- 
tude of about 170 degrees west. Within 10 degrees of 
this at both Polar Circles the great circles are tangent, 
which approximate the great continental shore lines and 
world-ridges. A recent writer in La Nature says. “It 
would seem probable that the vast line of deep pits, 
almost in the plane of the meridian of Greenwich is an 
ancient feature of our globe’s structure.”” Can we not 
say, & most ancient feature, and that here lie the heaviest 
masses, the deepest and oldest seas? We also find this 
same condition apparently producing similar results in 
the ocean-basins, but, of course, on a smaller and less 
striking scale. These deeper and denser masses <eter- 
mine the points of tangency by the resistance they offered 
to these tidal body-waves, all this is in a manner similar 
to the effect of land masses on the ocean tides. 

And now to sum up the matter, while we nowhere find 
more than an approximation to the law of tangency, 
with, of course, many exceptions, yet the totality of the 
evidence presented by these facts must foree the con- 
viction that it is the law of arrangement of mountain and 
shore lines: that we have back of all this some cosmic 
foree constantly working through all the long geologic 
eons; and that this force is gravity, the resultant of the 
combined masses of the earth, the sun, and the moon; 
and the centrifugal force arising from the revolution of 
the earth on its axis; these producing the body-tides, as 
we have already indicated. 

In conclusion, it may be noted, that after considering 
the above forces and processes of world making there 
does not seem to be much need of the so-called tetrahe- 
dral theory to explain the form of the earth. 

Again if the foregoing is true, it would seem, as we have 
already noticed, to be against the theory suggested by 
some to explain the changes of climate in the glacial 
epochs, that there were great changes in the position of 
the earth’s axis; for as the general positions of the great 
world masses and the general trend of the great world- 
ridges seem to have been fairly constant through all the 
geologic ages, it would seem that the axis has never 
changed more than a very slight degree from its present 
position. We may also observe that the theory advocated 
by the Rev. Osmond Fisher and Prof. Sir George Dar- 
win, that the moon was at one time thrown off from the 
earth, seems to be contradicted by the above facts. 

For if this theory be true, and the separation occurred, 
then the moon came to be in its present place at so carly 
a geologic age that no sign of its ever having been nearer 
than at present can be discovered in the existing shape of 
the earth, its continents, oceans and mountain ranges. 
But, if in the earlier formative geologic ages the earth 
were more plastic, then perhaps, the solar tides would 
have been powerful enough to have effected nearly all the 
results we see to-day; and the moon may have been cap- 
tured later, and then in subsequent ages contributed its 
share toward developing the form of the earth. And, 


further, instead of, as some have advocated, the basin of 
the Pacific being a cavity left by the thrown-off moon, 
the sinking of this basin simply shows that there is more 
matter there, not less, or in other words denser, thad 
where the continental areas have arisen. The advocates 
of this moon theory had better hunt for their missing link 
on the highlands of Asia rather than in the Pacifie 
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depths; but they are not at all likely to find it anywhere. 


ning It may perhaps be that the same play of cosmic forces 

ental are the causes of the markings seen on the moon, Mars, 

aa to Venus and Mercury, that we have seen to be the prob- 

bess: able cause of the markings of our own earth. And we see 

lines why the distribution of the elevated and depressed tracts 

upon the moon, and the lighter and darker areas upon 

the Mars, if they can be so interpreted, are so unlike those 

a of the earth; for the force of gravity, the centrifugal 

ned, force, and the arrangement of the varying masses of dif- 

ri fering specific gravity, and hence the resulting body- 

— tides, would be all of them entirely different. It would 
a seein to be impossible that two planets could ever have 

the same, or in any way similar, arrangements of its areas 

— of elevation and depression. 

aa A study of the map of Mercury as prepared by the 
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can Tue study of the agricultural uses of peat is one in 

itely which I have been interested for several years and about 
The four years ago we first began, in the laboratory of the 

lines Michigan Experiment Station, an investigation of the 

e in- nature of the nitrogenous compounds in peat soils. This 
the work was first started by Dr. Jodidi and has since been 

gain earried on by Mr. Robinson. 

o be While we cannot make any claims, as yet, to any 

ther; startling discoveries, we believe that we are learning 

d its something every day and that the results of our labor 
mngi- will ultimately be of great practical benefit. 

os of According to Davis, the peat-bogs of Michigan com- 

rent, prise about one seventh of the total area of the State, and 
and when we consider the high percentage of nitrogen they 


“Tt contain, it will readily be seen that a large amount of 


pits, energy is thus potentially stored up, that could and 
is an should be used for the production of crops, if only we 
not learn how best to use it. 
viest Aecording to analyses made in our laboratories, the 
this air-dried peat contains approximately 2.50 per cent 
ts in nitrogen. This means an amount of nitrogen per acre- 
less foot, over the total area, equivalent to 202,800,000 tons 
eter- of nitrate of soda, which, at $50 per ton, would repre- 
lered sent a cash value of $10,140,000,000—a figure which is 
milar not insignificant when compared with the value of some 
of the mineral deposits of the State. Stated in another 
: find way, this means an amount of nitrogen sufficient to fur- 
ney, nish yearly 100 pounds of nitrate of soda per acre to the 
f the 12,000,000 acres of farm lands in Michigan, for a period 
con- of 338 years. 
1 and The utilization of this vast amount of nitrogen for 
ysmie agricultural purposes has received the attention of experi- 
logie menters for generations, but to-day only a very insignifi- 
f the cant proportion of the swamp lands are being used. 
1000; The character of the peat-bogs varies considerably in 
on of different localities and the use to which the peat may be 
es, as subjected depends very largely upon its texture and 
quality. 
ering In order to bring this matter before you I propose to 
there discuss the subject assigned to me under the four follow- 
rahe ing heads: 
1. As a direct fertilizer. 
have 2. As filler for commercial fertilizers. 
by 3. As stable litter. 
lacial 4. As an agricultural soil. 
on of Peat as a Direct Fertilizer—Upon first thought it would 
great be natural to suppose that peat might be profitably used 
vorld- as direct fertilizer to supply nitrogen to the upsand soil, 
II the since it contains, when in the air-dried state, a compara- 
never tively high percentage of this element. The great ma- 
resent jority of commercial fertilizers sold in the State contain 
ated less, and the best grades of bone meal contain about the 
Dar- same amount. 
m the Commercial forms of plant food should, however, 
possess a high availability and in this respect peat differs 
urred, from the ordinary materials used for this purpose. 
early Figures obtained at. the Michigan Experiment Station 
nearer indicate that the nitrogen of dried peat possesses an avail- 
ape of ability ranging from 25 to 30 per cent. These figures 
anges. are in accord with the results obtained by other experi- 
earth menters and they have been verified by actual vegeta- 
would tion tests using peat as the source of nitrogen as com- 
ull the Hi} pared with nitrate of soda and other well known nitro- 
n cap genous materials. 
ted its Therefore, considering the low availability of the nitro- 
And, gen of the peat and the rather large bulk of the material, 
asin of We must come to the conclusion that it is not a profitable 
moon, source of commercial nitrogen. Good results have been 
sp more reported in many cases by adding peat to light sandy 
, thal Bi soils to supply organic matter, but this could not be 
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* Reproduced from the Journal of the American Peat Society. 


Lowell Observatory would suggest that the markings 
shown upon the planet may have been caused by the solar 
tides wrinkling the contracting crust, in the long ages in 
which the planets period of revolution about its axis was 
not as it seems to be to-day, the same as its period of 
revolution about the sun. And, too, in these markings 
we may have a record of the planet’s change of inclina- 
tion of its axis to the plane of its orbit. The marking 
(and these seem to be the plainest) which are parallel to 
lines of longitude may be the result of wrinkling when in 
later ages the planet’s axis had come to be, as it is now, 
perpendicular to its orbit; and the far more numerous, 
but as a rule not quite so distinct, markings perhaps we 
can refer to a time in the long prior ages when the axis 
was considerably inclined to the plane of its orbit. These 
markings are about equally made up of lines inclined to 


Their Agricultural Value 
By Prof. A. J. Patten 


profitably accomplished except where the peat bog is 
adjacent to or near by the soil to be treated. One could 
not afford to purchase peat for this purpose, as the 
organic matter could be more economically grown on the 
soil and then turned under. 

Peat as a Filler for Commercial Fertilizers.—During 
the past few years peat has been used to some extent as a 
filler by the manufacturers of commercial fertilizers. It 
works admirably for this purpose because, owing to its 
great absorbing powers, it takes up any excess moisture 
in the fertilizer and consequently greatly improves the 
physical condition of the mixture. Fertilizers contain- 
ing peat filler drill easily and they are, on that account, 
more easily applied to the land than fertilizers that cake 
and become hard. Peat also absorbs odors as success- 
fully as liquids, and consequently fertilizers containing 
peat filler are much less objectionable to the olfactory 
nerves than ordinary brands. 

When used in this respect peat should be considered 
simply as a filler and its nitrogen should not be considered 
in making up the formula. Many states have legislated 
against its use as a source of nitrogen because of the low 
availability of the element. Some fertilizer manufac- 
turers using peat filler claim that it gives to the fertilizer 
an added value due to the humus added to the soil by its 
use; but when we stop to consider that the average 
farmer does not use over 200 pounds of fertilizer to the 
acre, and further that certainly less than 1,000 pounds 
of peat are used in each ton of fertilizer, it is hard to con- 
ceive how an amount of humus so added could ever accom- 
plish much good. The fact remains, however, that both 
from the manufacturer’s and the consumer’s point of 
view, peat is an excellent material for use as a filler when 
such is necessary. 

Personally I would never recommend the purchase of 
fertilizers containing filler because every pound of filler 
added increases so much the cost of the actual plant food. 
A farmer cannot afford to pay. fertilizer prices for filler. 

Peat as a Stable Litter.—The preservation of the farm 
manures is a subject that many farmers give but slight 
attention to, little realizing that the most valuable part 
of the manure goes to waste. By far the larger amount 
of the nitrogen excreted by the ordinary farm animals is 
voided in the urine, and unless precaut.ons are taken to 
preserve the liquid a valuable part of the manure is lost 
forever. The ordinary materials used as litter are not 
good absorbents and consequently do not accomplish 
this very successfully. Peat answers the requirements 
for this purpose admirably, and being itself rich in nitro- 
gen would increase materially the value of the manure. 
Then, too, the decomposition of the manure induces a 
like process in the peat which increases the availability 
of the nitrogen. Air-dry peat will absorb about three 
times its weight of liquid manure without becoming 
mushy and pasty, and when this is allowed to dry in the 
open air all of the nitrogen is retained. If, however, it is 
subjected to artificial heat during the drying, a large per- 
centage of the nitrogen of the manure will be driven off. 

Peat would make an excellent litter in dairy stables, 
as it would absorb the odors and thus tend to ‘‘sweeten”’ 
the stable. Also the cattle yards, which on many farms 
are a disgrace, could be kept “sweet” and clean by the 
use of a few loads of peat throughout the year. Many 
of the farms of the State have peat bogs of more or less 
extensive areas and it would seem good economy to use 
this peat for bedding and sell the straw. 

Formerly the practice of composting peat with the 
manure was followed quite generally, but in later years 
it has been abandoned almost entirely, and I often won- 
der if we have been wise in doing so. Possibly the great 
increase in the use of commercial fertilizers has been in 
part responsible for the disuse of the practice. It is a 


the right and to the left of the lines of longitude; and 
apparently all approximating to the same angle of in- 
clination. That these markings are more regularly dis- 
tributed over the planet’s surface than the world-ridges 
are upon our own planet may be owing, perhaps, to a 
more homogeneous arrangement of matter in its crust. 

Lowell in his ‘“Evolution of Worlds” says: ‘““They seem 
to mark a globe sun-cracked, though they cannot probably 
be actual cracks.” But whether elevations, depressions 
or cracks, they seem to follow the same law of cause and 
effect as the markings upon the earth. 

But leaving the planets and coming back to our own 
earth, may we not have found in these cosmic forces an 
explanation of the form of the earth, and the periodic 
changes of geological climates most marked in the so- 
called Ice Ages, or Glacial Epochs? 


The Peat Bogs in Michigan’ 


well established fact that the use of commercial fertilizers 
alone will not keep a soil in good physical condition, their 
constant use soon exhausts the soil of its organic matter 
and unless measures are taken to keep up the supply, the 
soil becomes hard and cloddy, loses to a great extent its 
moisture-holding capacity and its friability. Conse- 
quently its producing capacity is lowered. But few 
farms produce barn manure enough to keep the soil in 
good physical condition, but those farmers who have a 
peat deposit on their farms could double the quantity 
and greatly increase the value of their manure by using 
peat in the stables and for composting. 

Peat as an Agricultural Soil.—lt is, however, as an 
agricultural soil that peat will yield the greatest revenue, 
for the returns will be continuous. Wherever peat bogs 
of the right character can be successfully drained they 
may be brought under cultivation and made to yield 
large returns upon the investment. This fact has 
already been demonstrated many times. The celery 
soils on the outskirts of this beautiful city are without 
question the most valuable agricultural lands in the State 
of Michigan. The same is true of other States where 
such soils have been utilized for growing truck crops. 
In many sections of New York State the price of these 
soils has jumped in a few years, from $10 to $15 per acre 
to, in many cases, $300 per acre. 

Greater care is required in the management of such - 
soils than is usually demanded by the common agricul- 
tural soils. This is especially true in regard to drainage. 
The water-level generally stands very near the surtace, 
making what is termed a ‘‘cold”’ soil. Ditching must be 
resorted to in order to lower the water to a proper level. 
Great care must be exercised, however, that the draining 
be not too efficient, for an over-drained peat or muck soil 
becomes dry and powdery and incapable of supporting 
vegetation. 

It is not expected that all peat bogs can be trans- 
formed into agricultural lands. Some on account of 
location cannot be successfully drained, some on account 
of the character of the peat are not adapted to growing 
crops. However, there are within the State thousands of 
acres of land that can be brought under cultivation at a 
eomparatively low cost. 

The range of crops that may be successfully grown on 
peat soils is possibly less than upon the upland soils, but 
they are especially adapted to growing such crops as 
celery, onions, head lettuce, melons, ete., and these are 
ranked with the best money crops. 

But little experimenting has been done upon this class 
ot soils as to best methods of cultivating, fertilizing, ete., 
although it is generally conceded that they are, as a rule, 
deficient in the mineral elements of plant-food, phos- 
phorie acid and potash. While the nitrogen ot peat is 
considered unavailable when used as a direct fertilizer, 
it probably will become available under cultivation, 
sufficiently rapidly, to supply the needs of most crops 
for a good many years. 

In considering the vast problem of the conservation of 
our natural resources the question of conserving the peat 
bogs for agricultural purposes should receive critical 
attention. 


The Generation of Electrical Energy 

A WELL-KNOWN engineer once undertook the task 
of calculating the thermal efliciencies of some of the 
electrical power stations, and the figures he obtained 
indicated very clearly the great discrepancy that exists 
between the heat units in the coal burned under the 
boilers, and those in the energy delivered to the main 
switchboard. He found that during 1905 the efficiency 
of the Berlin electricity works was 10 per cent; that 
of the Glasgow corporation station, 9.6; while the 
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figure for the Sheffield corporation tramways plant 
worked out as low as 7.8 per cent. These results relate 
to large and more or less modern power houses, but if 
we turn to smaller stations then an overall efficiency 
of 5 per cent is quite common. None of these figures 
are particularly gratifying. Still the fact remains, 
that marked improvements in steam plants have been 
made, Twenty-five years ago the electric lighting sta- 
tion engine that used anything under 20 pounds of 
steam per horse-power-hour was more or less an ex- 
ception, but now such a performance is regarded as 
far from satisfactory. Modern condensing engines have 
been known to develop an indicated horse-power-hour 
with less than 9 pounds of steam. Boiler efficiencies, 
however, have not shown any marked improvement, and 
a great portion of the heat in the fuel is wasted. But 
there are other things that tend to lower the thermal 
efficiencies of power stations. Often the plant is run 
for a large part of the time at less than full load, fires 
must be kept going under a number of spare boilers, 
and it sometimes happens that the plant is not main- 
tained in the condition of highest efficiency. 

Much attention has recently been devoted to the 
question of building large power-stations in the vicinity 
of the coal fields, where fuel is cheap and water for 
condensing purposes plentiful. There has been a cry 
for large turbine-driven units, high steam pressure and 
superheat and good vacuum. We have not the slight- 
est doubt that such schemes are desirable, and under 
these conditions it may be permissible to transmit high- 
pressure current over long distances. But in view of 
recent developments it is well to consider whether 
the practice of concentrating the plant in a single 
power-house is always expedient. This is a question 
which appears to claim special attention when the con- 
sumers are supplied with continuous current and where 
the situation of the power-station does not materially 
affect the price of fuel. In the case of some power 
schemes it would seem that the main advantages de- 
rived from building the generating station some dis- 
tance from the principal supply area are that land ia 
cheap and water plentiful. The complications and 
expenses attending such schemes, however, are many. 
Let us consider the precise line of procedure. First of 
all, three-phase current is generated, the pressure is 
then often raised by static transformers, and after- 
ward the high-tension current passes through ex- 
pensive cables to sub-stations where the pressure is 
reduced. If a continuous current supply be needed 
then the current is passed through rotary converters 
or motor generators. Thus, between the power-station 
and supply area no less than four sources of waste are 
introduced, to say nothing of the capital sunk in trans- 
formers, high-tension cables and converters. Added to 
all this, there are the wages of the sub-station attend- 
ants and the maintenance charges. It is also well to 
remember that in the case of lighting loads much ex- 
pense is incurred at the power-station by the coal used. 
for banking boilers. 

When the problem of supplying large and densely 
populated areas first presented itself, many engineers 
thought that the best way out of the difficulty was to 
put down a number of small stations. One engineer, 
in fact, went so far as to advocate the provision of a 
station for every quarter of a square mile. Although 
this idea was never put to the test of practical applica- 
tion, it is common knowledge that in the early days 
of electric lighting many small stations were erected 
in the heart of London. The practice was undesirable 
for several Experience proved that these 
small stations were uneconomical, a large staff was 
required, troubles frequently arose from vibration and 
smoke, the plant was often erected on valuable ground, 
and was inconveniently situated as regards the supply 
of coal and circulating water for condensing. But with 
the advent of the internal combustion engine—a highly 
efficient machine that requires no boiler or condenser 
and devoid of stand-by losses—the conditions have been 
materially altered. At least one of the London elec- 
tric supply companies has recognized the disadvantages 
of its high-tension transmission and conversion system, 
and slowly but surely Diesel engine sets are displac- 
ing converting machinery in the sub-stations. At pres- 
ent there is in London a 100 brake horse-power set in 
the basement of one of the largest drapery establish- 
ments in Oxford Street, a 1,190 horse-power substa- 
tion in Cannon Street, and a still larger one at Charing 
There is also another large oil engine sub-sta- 
tion in the course of erection at Lambeth. Besides all 
the advantages mentioned, such as the elimination of 
the stand-by losses, the converters, high-tension cables 
and transformers, the scheme presents an important 
advantage from the point of view of continuity of sup- 
ply. Thus, at the time of the recent coal strike the 
engineer of this particular undertaking was able to 
publish a statement to the effect that no matter how 
searce coal became it would be possible to maintain 
the electric light in certain sections of the company’s 
area. But let it be understood that we are not advo- 
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cating the universal employment of internal combus- 
tion engines in sub-stations, but merely directing atten- 
tion to the fact that in certain cases the scheme is well 
worthy of serious consideration.—The Engineer. 


Producing Gasoline from Natural Gas* 
By Frank P. Peterson 

In 1911 the world’s yield of crude petroleum is be- 
lieved to have been about 320,696,316 barrels. While 
difficult to say just how this was split up into various 
commercial forms, it is safe to say that not less than 10 
per cent, or over 32,000,000 barrels was used in the form 
of gasoline. This is notable in contrast to the fact that 20 
years ago there was no appreciable demand for gasoline. 

An important step in the production of gasoline has 
materialized during the past 24% years in the form of 
stripping waste gases of suspended heavy hydrocarbon 
vapors and using these condensates as gasoline. 

Theoretically, the process of recovery is very simple, 
namely, the application of pressure and cooling of the gas, 
provision being made for separating the condensates by 
precipitation under pressure. 

Nearly all the oil wells yield some gas; many yield 
great volumes while others yield gas only from the strata 
in which the oil is produced. Again some yield one gas 
from their oil strata and another gas from other strata 
through which the well passes and which is not “cased 
off.” 

The gases which issue from “dry” or non-oil producing 
strata are often largely pure methane (marsh gas, CH,), 
which has‘a critical temperature of 115 deg. Fahr., and 
will not condense at any pressure above that tempera- 
ture. 

The gases which reside in the strata along with the oil, 
however, are in contact with the oil in a finely divided 
state in the interstices of the sand. There is every oppor- 
tunity for the methane gas, when issuing from the strata 
at low pressure along with the oil to pick up and carry in 
suspension any vaporous oil. Further than this, it is 
now known that the whole family of saturated hydrocar- 
bons are found together right through the series from 
CH, to a heavy wax structure. This complicates mat- 
ters, for there are many gases that have and many that 
have not sufficient suspended heavy compounds to yield 
paying quantities of gasoline condensates. Hexane 
(CsH x), petane (Cs; Hy) and butane (C,H10) are the fac- 
tors which, when present in sufficient quantity, warrant 
reduction to a liquid state for market. Hence, the prev- 
alence of these condensible constituents must be deter- 
mined before attempting to compress the gas for their 
recovery. 

One of the first steps is to find the specific gravity of 
the gas, although this eannot be depended upon entirely. 
For instance, family A, from one well or group of wells 
might consist of 10 per cent methane, 30 per cent ethane, 
30 pec cent propane and 30 per cent butane. The specific 
gravity would be about 1.43 (air = 1), and nothing could 
be produced from it marketable as gasoline. 

Family B, from another well or group of wells might 
consist of 60 per cent methane, 5 per cent ethane, 5 per 
cent propane, 5 per cent butane, 10 per cent pentane and 
15 per cent hexane, in which case its specific gravity 
would be 1.26 and the 25 per cent comprising the two 
heaviest constituents would yield a gasoline condensate, 
marketable as gasoline of at least 9 gallons per 1,000 
eubie feet of gas. 

The condensates yielded by the different gases are 
classified commercially into two general groups, natural 
gas gasoline and gasol. The first is the unrefined bulk of 
condensate as it is recovered from the gas and the second 
is the refined compounds derived by splitting the conden- 
sates into groups for different uses. 

John Lathrop Gray secured the first broad patents 
relating to the production of gasoline from natural gas, 
and the writer, perceiving the need for further refine- 
ments, deviated from Gray’s constant-pressure, constant- 
volume method by breaking the operation into steps for 
the purpose of drawing off fractions differing in specific 
gravity and boiling points. More recently, however, 
Dr. Snelling has added what appears to be the final touch 
of refinement which respects both the critical pressure 
and temperature characteristic of different compounds 
and enables the greatest nicety to be realized in the frac- 
tionation of the complex gaseous compounds into their 
several liquid states. It is needless to add that the gasol 
fractions must be retained and handled under restraint 
of considerable pressure when they approximate propane 
and the lighter compounds. 

An important phase of the recovery of gasoline from 
natural gas is that separation is effected under physical 
conditions maintaining a close equilibrium between the 
liquid and the gaseous states. Because of its lightness as 
compared to the mediums ordinarily handled by baffling 
and trapping, much difficulty has been experienced in 
eliminating uncertainties in the operations; hence, a 
vast amount of “cut and try” application. 

Physically the product in appearance is white. It car- 
ries, usually, a very small (negligible) percentage of 

* Reproduced from Power. 


heavier oils, sometimes lubricant from the compressor 
cylinders. In time it evaporates to complete drynexg 
comparable to and usually quicker than a refined jj 
product of equal heaviness. Its specific gravity varie 
widely, in different regions and with different pressures 
applied to obtain it, ranging from 0.625 to 0.71 (water = 
1), or from 96 to 68 deg. Baumé.- 

As a fuel for gasoline motors its carburetting qualities 
are excellent. Consequently, the impression has become 
more or less general that its power value is much greater 
than ordinary refined gasoline. This is not true, except in 
the sense as the hydrogen ratio of a fuel increases, so does 
its gross fuel value. 

Refined stocks, because much less volatile, can be 
stored without loss, while the new product cannot, even 
in winter, be stored in open tanks without loss. As fuel 
for light gravity gas lighting machines it is good, but its 
most fitting place seems to be in mixture with the refin- 
ers’ low gravity gasoline or naphtha fractions whereby 
a motor fuel of maximum power and the best carburetting 
characteristics may be had. 

Many instances have already occurred in which the 
abandonment of a few small oil wells in oil fields has been 
saved by the installation of equipment to recover gaso- 
line from their heretofore wasted gases. And it is not 
unusual for such wells to yield a greater amount of gaso- 
line condensates than they do of crude oil. And as the 
condensates have a value at the well of about twice that 
of the oil, it can readily be seen how great a boon it is to 
the small oil operator whose revenue cannot be main- 
tained sufficient for livelihood from the oil alone. The 
present production is about 2,500 gallons per day. 


We wish to call attention to the fact that we are ina 
position to render competent services in every branch 
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We are prepared to render opinions as to validity or 
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arising in trade-mark and unfair competition matters. 
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